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MODERN ENGINES AND BOILERS. 



HIGH PEESSUEE ENGINE. 

This class of engine varies in arrangement and 
design, viz.: vertical, direct, inclined, inverted di- 
rect, oscillating, and horizontal ; th^ last-mentioned 
being the most practical, is therefore universally 
adopted. To enumerate the different arrange- 
ments of this class of engine would be absurd, 
the author's intention being to give an example 
of the best and most practical he has met with ; 
thus the cylinder is secured to a cast iron bed 
plate, which has provisions cast on it to receive 
all the connections, etc., the slide valve works 
against the front side of the cylinder, the piston 
rod being guided by a T shaped guide which 
works underneath the rod, in a channel, the top 
part of which is separate, being secured by bolts 
or studs, and nuts, the guide block receives the 
end of the connecting rod, which is attached to 

the crank pin in the usual manner ; the crank and 

11 



12 BUSGH^ PRACTICAL JLULSS FOB 

sliaft are in one forging, the latter works in 
brasses, secured in a projection, cast either right 
or left on the bed plate, the eccentric keyed da 
the crank shaft is secured beyond the bearing, the 
throw being sufficient to work the feed pump and 
slide valve, the former being secured on the op- 
posite side to that of the main bearing ; the weigh 
shaft of the levers works in a boss, cast xmder- 
neath the guide channel, the levers are connected 
to the slide valve rod and feed pump with disen- 
gaging sockets, so as to be disconnected instanta- 
neously. The ball governor is supported in a 
standard, secured on the side of the cylinder op- 
posite the slide valve casing, the governor deriv- 
ing its motion from mitre gearing, driven by a 
belt passing round the crank shaft; the steam 
valve is regulated by a lever from the governor. 
By this arrangement, correctness, durability, sim- 
plicity, and access to all the details, is effected^ 
being also economical both in price and working. 



Designing. 

In designing an engine of any kind, symmetry 
and economy should be observed, also ,that all the 
working parts should be accessible, without dis- 
arranging any detail ; there should be sufficient 
strength in the various parts subject to excessive 
strains, such as the main frame, shaft, crank, con- 
necting rod, bolts, nuts, etc.; lightness should be 
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strictly adhered to, compatible with strength ; in 
the case of flanges, ribs should be introduced be- 
tyreen each bolt or stud to support the flange in 
the case of any undue strain. When any holes 
are cast, the centre part should be cored larger 
than the ends, so as Jo allow for fitting or boring ; 
provisions for fitting should in every case project 
from the body of the casting, so as to allow for 
planing or chipping. 



RULES. 

POWER. 

The term nominal horse power being conven- 
tional, each mak^r has his own data for the pro- 
portion, hence the variation in engines of the same 
nominal power. . The author has collected prac- 
tical evidence of the best proportion together with 
his own experience. The rules for the steam en- 
gine will now engross the attention of the reader. 



Horse Power (Nominal.) 

The area of the cylinder = 7 to 9 square 
inches per nominal HP. The stroke in most cases 
= twice tlie diameter of the cylinder. 

RULE. 

Having determined the size of the engine, x 
the HP by the number of square inches agreed 
2 
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on, the prodiict = the area of the cylinder, from 
wliieli obtain the diameter, the whole numbers of 
which, X by 2 = the stroke;, decreasing slightly in 
large engines. It is practically essential that eyen 
dimensions be adhered to^ remembering to in- 
crease rather than decrease the product when 
areas of circles are in queBti<»i. 



4 HP:=4X9=36 = 6|i diameter; stroke 12 
inches. 

6 HP=6X9 = 54»8t', diameter; stroke 16 
inches. 

8 HP = 8 X 8.75=1= 70 s== H diameter; stroke 18 
inches. 

10 HP = 10 X 8.5 = 85. = 10/, diameter ; stroke 

21 inches. 

12 HP = 12 X 8.25 = 99 = llf diameter ; stroke 

22 inches. 

15 HP = 15 X 8 = 120 = 12| diameter; stroke 24 
inches. 

20 HP = 20 X 8 = 160 a 14/, diameter ; stroke 
28 inches. 

25 HP =» 25 X 7.8 = 195 = 15|| diameter ; stroke 
30 inches. 

30 HP = 30 X 7.78 = 233 = 17i diameter ; stroke 
34 inches. 

35 HP = 35 X 7.75 = 272 = 18| diameter : stroke 
36 inches. 

40 HP = 40 X 7.5 = 300 = 19/, diameter ; stroke 
40 inches. 

50 HP = 50 X 7 = 350 = 21 J diameter ; stroke 42 
incties 
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PowEB (Actual). 

The first consideration relative to the actual 
power of^ an engine;, is to ascertain the force ex- 
erted against the piston, also its speed in a given 
time. It is evident that what is gained in time is 
lost in power, and vice versd, presuming the same 
total power to be exerted throughout. Thus> 10 
tons lifted in 6 minutes @ 10 lifts = 100 tons per 
hour, or 5 tons lifted in 3 minutes @ 20 lifts = 
100 tons per hour. The actual power of the 
steam engine is due to the force exerted by the 
piston, produced from the pressure of the steam ; 
it is deemed universally decisive that 33,000 lbs. 
is the constant number for one-horse power raised 
one foot high per minute, hence the following 

RULE. 

Multiply the area of the piston by the pressure 
per square inch, the product by the speed of the 
piston per minute, equals the force in lbs., this 
last, divided by 33,000, equals the actual horse 
power, including the friction. The following 
examples will enable the reader to understand 
the principle ; 30 lbs. pressure per square inch, 
and speed, of piston 200 feet per minute being 
adopted : 
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l^oml. Aetl. 

„^ 36X30X200 

45X30X200 _ 
*^^- 33000 = ^ ^ 
70X30X200 

33000 
l^gp^85>^x200^ p 

33000 
9^X30X200^^ 

33000 
120X30X200^^ 

33000 

20HP«l^?i^=29HP 
33000 

25HP=1^|^ = 35.45HP 

33000 

_300x3a><!50^ 

33000 

350X30X200 _ 

60 HP f3jj-,f—= 63.63 HP 



Cylinder. 

Area = HP nominal x 9 to 7. 

Diameter = V area x 1.1283. 

diameter 
Depth of piston = j — 
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Stroke = diameter x 2, 

Clearance for piston at each end of the stroke = 
diameter 

30~ 

Allowance for re-boring, or increased diameter 
to receive cover = 4 to ^% of an inch + the ra- 
dius of the diameter of cylinder. 

Internal length of cylinder = stroke + piston 

+ clearance at each end. 

diameter of cylinder 



Piston .rod diameter = 



6to7 



Thickness of body of cylinder. This cannot be 
deduced from a fixed rule which would be prac- 
tical in all cases. For example, a cylinder of an 
engine 6 inches diameter should equal at least f 
of an inch in thickness, whereas, one 24 inches in 
diameter would be IJ inches in thickness; the 
former equals ^V of the diameter, while the latter 
equals j\ of the diameter, thus showing practice is 
tfie best guide. The following, compiled by the 
author, will dispense with calculations and con- 
fusion of opinion : 



HP nominal. 




. Diameter. 




Thiclcness of Body. 
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^f nominal. 


Diameter. 


Thickness of Body 


25 


,. 15}i 


... i^j 


30 


• Hi 


-... 14 


35 


18f 


... 7^ 


40 


.. 19^ 


... li 


50 


.. 214 


... If 



The above includes the allowance for re -boring, 
but, when the speed of the piston is intended to 
exceed 300 feet per minute, y'^ of an inch should 
be added per 100 feet to the thickness given. 

r«, . , /. . 1 . thickness of body 
Thickness of raised portions = ^ 

Length of raised portions = thickness of body x 2. 
Thickness of metal of steam passages = thickness 

of body X .8 to .6. 
Thickness of back end cover = thickness of body 

X .8 to .6. 
Depth of fitting part of cover = thickness of 

body. 
Thickness of flanges = thickness of body x 1. to 

.8. 
Thickness of ribs = that of the body x .5 to .4. 
Internal diameter of recess for nut of piston rod 

= diameter of screw part x 2. 
Diameter of studs and bolts for securing cover = 

thickness of body below one inch. 
Pitch circle of bolts or studs = diameter of fitting 

part of CO ver+ twice thickness of body+diam- 

veter of stud or bolt. 
Thickness of metal beyond stud or bolt == Volt's 
meter x .75. 



MODERN ENGINES AND BOILERS. 19 

Diameter of nut bosses = size of nut across the 

angles X 1.1. 
Thickness of bosses = | of an inch. 
Thickness of front end of cylinder = thickness of 

bodyx.8to.6. 
Thickness of ribs (4) = thickness of front end x 

.8 to .6. 
Position of supporting brackets (perpendicular) = 

radius of cover + J to | of an inch. 
Thickness of sole = thickness of body x 1 to 1.2. 
Thickness of ribs = that of sole x .8 to .6. 
Space between ribs = size of nut of securing bolts 

across the angles x 3. to 2. 
Diameter of securing bolts (4) = diameter of 

piston rod x .7 to .6. 
* Transverse distance of securing bolts = diameter 

of cylinder. 

Stuffing Box and Gland. 

Piston rod stufiBuag box diameter = piston rod's 

diameter X 1.75. 

Depth = diameter of rodx 1.5. 

_, . _ - , T /. 1 1 n dia.ofrod 

Thickness of the metal of the bush = — ^-r — 5— 

o to o 

Gland depth = depth of stuffing boxx .8 to .87. 

Thickness of metal of stuffing box = thickness of 

the gland. . 
Diameter of gland studs = piston rodx .3 to 25. 
The metal around the gland stud = diameter of 

gtudx.76. 



20 BUifiC^H 3 PRACnCAL RULS FOB 

_. , ^ ., piston rod diameter 
Depth of oil cup = ^ 

Thickness of gland flange = diameter of studs. 



Stkam Port (Supply.) 

- area of cylinder _ , . , 

Area= ^ ^ ^ \>^ = about * square inch. 

lo to 20 * ^ 

per H P nominaL 

Length = diameter of cylinder x .6 to .7. 

area 

Width = i—-^ 
length 

Width and length of steam passage = ^ of an inch 

+ that of port. 

Exhaust port area = supply port x 1.5. 

^ .11 /. T 1 1 width of supply port., 

Outside lap of sude valve = o ^ o 

^ 2 to 3 

_ . , , outside lap 

Inside lap = — g . ^ — 
^ 5 to 6 

Side lap of slide valve = width of supply port x 
.6 to .5. 

Width of bar = outside lap + inside lap + width 
of port supply. 

Position of valve facing = thickness of body x 
1.8 to 1.4 + width of steam passage + radius of 
external diameter of cylinder. 

Stroke of slide valve = width of port supply + out- 
side lap X 2. 

Diameter of slide valve rod = piston rod x .6 to .5. 

StujB&ng box diameter = diameter of valve rodx 

i.a 
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Depth = diameter of yalYe rodx 1.6. 
Thickness, of bush = ^ to y'^ of an inch. 
Depth of gland = depth of stuffing box x .75. 
Thickness of metal of stuffing box = thickness of 

gland. 
Diameter of studs (2) = diameter of valve rodx 

A to .5. 

stroke 
Clearance for slide = = , ^ ^ 

7. to 9. 

Depth of slide valve internally = width of exhaust 

port. 
Thickness of body of slide = f to | of an inch ; 

if more than 9 inches wide, a rib should be cast 

centrally. 
Thickness of flange of slide valve = J to f of an 
•• inch. 
Position of rod from face = diameter of rod+ 

thickness of flange. 



Slide Casino. 

Thickness of casing = thickness of the metal of 
steam passage. 

Thickness of flange = that of the body x 1.125. 

Width of flange = studs' diameter x 2.1 + thick- 
ness of body. 

Thickness of cover = thickness of body x .8 to .7. 

Diameter of studs = thickness of cover. 

Thickness of ribs = thickness of cover x .6 to .5. 
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Piston, 
Thickness of body = thickness of cylinder x. 7 

to .5. 
Thickness of ribs = thickness of body x .7 to .6. 

Superficial area between ribs = — ^ i| ^ 

Diameter of packing ring studs = thickness of 
metal of body. 

The mode of rendering the piston steam-tight 
around the periphery, is by a spring of cast 
iron in the form of a ring, thicker at one side 
than the other, the lesser being divided at an 
angle of 45°. To prevent the steam firom 
rushing through this opening, a piece of gun 
metal, termed a tongue, is inserted centrally 
in the depth of the ring, on one side of the 
division, the opposite side being plain, but care- 
fully fitted, so as to allow the expansion and 
contraction of the ring without the steam pass- 
ing through; the spring is rendered perma- 
nently eJBfective by a packing behind it, either 
of small springs, or a gasket of a parallelogram 
in section ; the ring studs should screw into gun 
metal blanks, inserted centrally of the depth of 
the piston. 

Thickness of stud blocks = 1.12 to 1.7 X by the 
stud's diameter. 

Side of square of stud block = diameter of stud 
X 1.8 to 1.7. 

Thickness of spring at the thickest part = J inch 
per foot in diameter. 
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Tliickness of -ring at divided part = thickest part 
X .7 to .6. 



Piston Eod. 

The moAes of connecting the piston rod to its cross 
head are various ; usually^ by inserting the end 
in the hollow end of a single or double eye, 
secured by a cotter ; a better mode is to make 
the end of the rod of a T shape, secured to the 
guide block by bolts. 

Taper of rod in piston = f of an inch per foot. 

Depth of nut = diameter of rod x .8 to .7. 

Area of securing bolts = area of rod. 

Thickness of T end = diameter of bolts. 

Width of T end = bolts' diameter x 2. 



Cross Head or Connecting Pin. 
Diameter = diameter of piston rod x 1.4 to 1.3. 



Guide Block. 

This guide block is of the usual kind, adapted for 
high speeds ; the cross head or connecting pin 
works in the upper part. In some cases the 
block is ill halves ; but the better mode is to 
make the back part solid, and the front part 
loose between the securing bolts, secured by a 
cap in front. 
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Bottom area of guide = 

area of cylinder 
ratio of length of connecting rod to stroke 
Length = stroke of engine x .45 to .4. 

Width = ,-^- 
lengtn 

Thickness = width x .8 to .25. 
Thickness of shoe = - ^^^°^^^/^ ^^^ ' 

Taper of adjusting part of shoe = J inch per foot. 
Diameter of adjusting stud = thickness of shoe. 
Length of bearing of connecting pin = diameter x 
1.5. 

Thickness of metal around bearing = --rT — tt 

° 4 to 6 

Thickness of back part = bearing's diameter x .4. 

Thickness at front part = that of back x .5. 

Depth of recess for soft metal = J to ^ of an 

inch. 

Thickness of cap = diameter of securing bolt. 

Width of cap = thickness X 2. 



Connecting Eod. 

Length = stroke of engine x 2 as a minimum. 
Length of fork from centre of eye = diameter of 
• connecting pin X 2.5. 

Width of each fork = diameter of connecting pin. 
Thickness of each fork = width x .5. 
Thickness of metal around pin = diameter x A to 
.86. 
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Width of eye = thickness of forkx 1.25. 

Diameter of connectiiig rod (fork end) = piston 
rod's diameter X 1.125. 

Diameter of connecting rod at crank end = diame- 
ter of piston rodx 1.25. 

Diameter of connecting rod at centre = j ^ of an 
inch ppr foot in length +diameter at crank end. 

The form of heads for the connecting rod is 
various; the most practical for adjustment, and 
renewal of brasses, is the marine kind, viz., T 
head with flat brasses, and cap, or solid head in 
halves, with hexagonal or round brasses. 

Diameter of crank pin = diameter of piston rodx 

Thickness of the brasses at the ends = 

diameter of pin 
4 to 6 
Thickness of the sides :^ thickness of endsx .5. 
Diameter of adjusting bolts = diameter of securing 

bolts for guide block. 
Thickness of metal between brass and side of 
, , diameter of bolt 

DOlt= ;; 7z 

6. to 8. 
Thickness of brass at extremities of bearing =s 

diameter of bearing 
5. to 7. 
Thickness of the flanges of brasses = thickness of 
the sides. 
8 
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Diapieter of flanges = extreme distance across tbe 

angles + thickness of one side of brass. 
Thickness of the head of the connecting rod 

beyond brasses = crank pin's diameter x .5. 
When caps are used and flat brasses, proportions 

of brasses and bolts will be as for a solid head. 
Thickness of flat brass between bearing and side 

of bolt = J to I'ff of an inch. 
Thickness of cap = diameter of adjusting bolt. 
•Width of the head or cap = diameter of adjusting 

bolt X 2. 



Ecoentbio. 

The stroke is obtained from the length of the 

lever and stroke of slide valve. 

_, . , ^ , diameter of shafli 

Thickness of boss = -r-- — ^ 

4 to 6 

Thickness of ribs (3) = thickness of boss x .5 to .4. 

Taper of ribs = \ inch per foot in length. 

Thickness of rim = thickness of boss x .8 to .7. 

Depth of recess J to J of an inch. 

Thickness of sides of recess = depth of recess. 

When the eccentric works the slide valve only. 

The throw = half stroke of slide valve. 

^^ . , - - diameter of shaft 

Thickness of .boss = =— — = 

o to 7 

The remaining proportions are the same as above. 
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Eccentric Eod Band and Bolts. 

Diameter of rod T end = diameter of slide valve 

rodxl.5. 
Length = length of connecting rod. 
Diameter of rod at lever end = diameter at T end 

X .9 to .8. • 
Diameter of rod at centre = Vz of an inch per 

foot in length + diameter at T ©nd. 
Area of each bolt jmd stud = area of valve rod. 
Thickness of T end = diameter of bolt. 
Thickness of band = diameter of boltx .5 to .4. 
Thickness of flanges of %band = thickness of band 

X 1.5. 
Width of band = nut across angles x 1.1. 
When the eccentric works the slide valve only. 
Diameter at T end = diameter of valve rod x 1.25. 
Diameter at valve rod end == diameter of valve 

rod. 
Area of bolts and studs = area of valve rodx .8. 
Diameter of weight shaft for levers of feed pump 

and slide valve = diameter of valve rodx 2. 
Diameter of weight shaft for working slide valve 

only = diameter of slide valve rodx 1.3. 



Main Framing. 

The main framing of an engine is that part 
which is susceptible to every strain to which the 
engine is liable. Many makers of engines cast 
this &ame in two or more pieces ; such a practice 
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is bad, being productive of disarrangement, and 
undue strain to the working and rigid parts, as 
in the case of the connecting boltd becoming 
loose, etc. — a too often occurrence in engines of • 
high speed. The author has endeavored to pro- 
duce a good example, of what a, frame or bed 
plate of an engine should be in cast iron, with a 
proper distribution of material. The following 
rules will enable the reader to judge as to the 
veracity of his statement : 

Thickness of metal = thickness of cylinder X .8 

to .7. 

diam. of cylinder 
Width of each side of franie = ^ 

Depth of frame = width X .5. 

Distance between centre of sides = diameter of 

cylinder. 
Height of facing piojections = J to J of an inch. 
Diameter of bosses of securing bolts = bolts* 

diameter X 2. 

Length of guide channel = 

length of guide block , « 

— r-2 E^ 1- stroke of engine. 

Thickness of flange part of guide channel = thick- 
ness of guide X 1 to .875. 

Diameter of flange studs = thickness of flange x 
1. to .75. 

Pitch of bolts = diameter X 8. 

Thickness of metal on each side of bolt = bolt'a 
diameter X .75. 
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Thickness of metal under guide = thickness of 
guide. 

Diameter of holding down bolts of frame (6) = 
diameter of securing bolts for cylinder. 

Diameter of lever weigh shaft boss = diameter of 
shaftx2. 

Thickness of bush = J to J of an inch. 

Diameter of crank shaft's bearing = diameter of 
piston rodx 2. as a minimum. 

Length of. bearing = diameter x 1.5. 

Position of centre of bearing from centre line of 
framing = diameter of bearing x 2. as a mini- 
mum. 

Area of each adjusting bolt = area of piston rod 

X .7 to .6. 
Thickness of cap = diameter of bearing x .6 to .5. 
Thickness of metal between brass and side of 

, , bolt's diameter 

bolt= z 

4 

« 

Thickness of metal above side of adjusting bolts 

= diameter of boltx .5 to .4. 
Thickness of clip = thickness of metal above side 

of adjusting bolts x ,5. 



Cbank and Shafts. 

Area of the crank = area of shaft's bearing. 
Thickness of crank = diameter of bearing x .8 to 
.7. 
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Diameter of shaft beyond bearm^=: diameter of 

bearing X 1.2 to 1.12. 
Diameter of collar of crank pin »= diameter of 

pin X 1.125 to 1.2. 



Fly Wheel. 

Weight of rim in cwts. = nominal HPx 3. to 2. 
Diameter to centre of rim = stroke of engine x 4. 
to 8. 

p , . 1 , , . . weights in lbs . 

Cubical contents of nm = — ^^^ 

.268 

Sectional area = 

cubical contents 

circumference of rim at centre line in inches 

_ , , . diameter at centre of rim 
Depth of nm= g-^^^^  

.,^. ,, ^', sectional area 

Width of nm = j — -r 

depth 

Diameter of boss = diameter of shaft by 2.5 to 2. 

Length of boss = diameter of shaft x 2. 

IsTumber of arms 6. . * 

^ . , ^ area of rim 

Sectional area of arm = 1 5 

number of arms 

,^. ^ ^ n . depth of rim 
Width of arm at nm = — - — x 

Taper of arm = J inch per foot. 

area of rim 
Area of connecting bar of rim = ' . — 
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^.^ ' . . ^ depth of rim 

Widtn of coifliecting bar = — • q . a — 

O to 4: 

Depth of key = width of connecting bar. 
Width of key = depth x .8 to .2. 

TTT'A^i. ^ V • len gth of bos s 

W idth of boss rings = ... . g . — 

Thickness of boss rings == width x .6 to .5. 



Feed Pump. 

The rules given for this pump are generally 
both abstruse and obtuse, thus jconfounding the 
uninitiated with perplexing calculations having 
no reference to the cause of requirement. It must 
be clearly understood that in no case whatever 
can the proportion^ of the feed pump be obtained 
from the diameter of the cylinder, len^h of stroke 
of the engine, and such-like insane ideas. The 
proper mode, of ascertaining the proportions of 
any portion of mechanism, is to deduce it from 
the prime movers therefore, in the case of the 
Ifeed pump, common sense implies that the pres- 
sure of the steam, and the cubic contents of the 
cylinder, must imperatively be the origin of the 
requirements to keep a proper supply of water in 
the boiler. The following simple rules will be 
found practically correct : 

Cubic contents of feed pump in inches (see Table 
below) = contents of cylinder +cubic contents 
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of one steam passage in feetx 4 times tbe nmn- 
ber of cubic inches of water to produce a cubic 
foot of steam. 

CvMe inebes of wfttw 
to produce 1 eabi« 
PreMnre of Staam« foot of steftia 

lu ••• ••• ••• 1,7 

10 ••• ••• ••• <0*V 

^U ••• ••• ••• ^. O 

25 ••• ••• ••• 2.6 

OXt ••• ••• ••• <0.v 

OO ••• ••• ••• ijm Jt 

4u ••• ••• ••• o.d 

40 ••• ••• ••• O.o 

50 ••• ••• ••• 4.0 

60 ••• ••• ••• 4.6 

lU ••• ••• ••• 0.1 

oO ••• ••• ••• o.6o 

t/U ••• ••• ••• u.ii 

100 ••• ••• ••• 6.68 

Stroke of pump is obtained from the length of 
lever and stroke of slide yalye^ when the sama 
lever is used to work the slide valve. 

Area of valve = area of plunger x .6 to .7. Valves 
are generally of India-rubber. . 

Thickness of body of plunger = ^ to y^^ of an 
inch per inch in diameter, per 20 lbs. per square 
inch of pressure of steam in boiler. 

Thickness of end = thickness of body x 2 to 1.5. 

Area of plunger pin = area of eccentric rod (lever 
end)x .8. 

Diameter of stuffing box = diameter of plunger 
1.6 X to 1.4. 
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Depth of stuffing box = diameter of stuffing box 
X .5 to .4. 

Depth of gland = depth of stuffing boxx .7 to .8. 

Diameter of gland studs (2) = diameter of pump 
X .8 to .2. The studs should never exceed 1 J 
inch diameter. 

Thickness of flange = diameter of studs. 

Thickness of body of pump (gun metal) = thick- 
ness of plunger X 1.5 to 1.3. 

Thickness of body of pump (cast iron) = thick- 
ness of plunger X 1,8 to 1.6. 



Feed Pump Relief Valve. 

This valve is connected to the pump pipe be 
tween the discharge valve and the boiler, 8o*that 
in the case of any obstruction being in the pipe, 
or the feed cock closed, the relief valve will act, 
and prevent any disarrangement or rupture of the 
engine pipe, .etc. The most practical position for 
this valve is directly over the discharge valve of 
the pump. 

Diameter of valve = diameter of feed pipe. 
Diameter of spring = diameter of feed pipe. 

The sectional area of spring is^a difficult result 
to be obtained, as the temper of the steel, the 
number of coils, and space between, will mate- 
rially alter the pressure or action of the spring. 
The following will be an approximation, enabling 
exactitude to be. obtained by the adjusting screw: 
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Number of coils = 6 to 8. 

Diameter of section of coU of spring equals .26 of 
an inch per 2 inches in diameter, having an in< 
crease slightly in springs below 2 inches in 
diameter. 

Space between coils = thickness of coil x 2. to 1.5. 

TV. ^ « , . ,, diameter of valve 

Diameter of valve spindle = 7— — ^ 

^ 4 to 6 

rm ' 1 « 1 diameter of spindle 
Thickness of valve = x — ^ 



GOVEBNOB. 

The proper mode of ascertaining the actual 
length of the levers, pendulum, and spindle of the 
governor, is to determine the length or height of 
the plane line, and set out the centre lines of the 
pendulum at an angle of 60°, as their position at 
the proper speed ; the angle should never exceed 
45° when at the greatest velocity, but this angle 
will rarely, if ever, be obtained, if the governor be 
properly proportioned. 

The centre of suspension should imperatively 
be on the centre of rotation ; if below it, the cone 
becomes a frustrum or part of a cone, thus de- 
stroying the principle from which the ball gov- 
ernor is deduced. 

Height of plane line from suspension = stroke of 
engine X. 5 to .4. 
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Number of revolutions of governor = 
187^5 

^/height of plane line from point of suspension. 
Diameter of mitre gear = height of plane linex 

.4 to .3. 
Pitch of teeth = J to A of an inch per inch of 

diameter. 
Diameter of weigh shaft = pitch x 2. 
Number of revolutions of engine = 

speed in feet 

stroke in feet x 2 

Diameter of spindle = J to | of an inch for 12 

inches in length. 
Position of connecting lever on pendulum = J of 

the distance from point of suspei^sion to the 

baU. 
Diameter of connecting levers = diameter of pen- 

dulumx 1 to .8. 
Diameter of pendulum = diameter of spindle x 

.6 to .5. 
Diameter of pins = diameter of connecting lever. 
Thickness of lever slide = J to J of an inch. 
Thickness of metal of top = diameter of spindle 

x.3to.2. 
Thickness of metal of governor bracket == | inch 

per foot in height. 
Diameter of spindle and rods for governor valve 
* = diameter of connecting levers x .7 to .6. 
Diameter of balls (cast iron) = height of plane 

linex .5 to .4. 
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BEAM ENGINE (CONDENSING). 
To James* Watt do we owe the beautiful ar- 
rangement and combination of levers (iised to 
produce a perpendicular line), designated the 
"parallel motion." This motion is universally 
adopted for the beam engine, although, since its 
introduction, guides and trunks have'been used 
to obtain the perpendicular motion of the piston 
rod; practically correct as this is, but in cases 
wliere design and symmetry be observed, James 
Watt's parallel motion reigns supreme. The 
valves for the admittance and exit of the steam 
in and from the cylinder are various ; slide valves 
are only used in small engines, say up to 20 HP. 
Cornwall, the land of beam engines, adopts the 
equilibrium or double beat valve, so shaped that 
the pressure of the steam becomes neutral in re- 
lation to the action of the valves. When slide 
valves arc used, the common eccentric is the 
means adopted for working them ; whereas when 
double beats are used, cams, levers, etc., produce 
the motion ; the author has had the opportunity 
of observing practically the principle for working 
this valve, and has no hesitation in stating that 
the cam produces the best effect, on account of 
the irregular motion it produces, due, of course, 
to its particular shape. When cams are used, 
they are generally keyed on a shaft in front of the 
cylinder, which shaft is worked by mitre gear; 
the speed in revolutions being, of course, equal to 
the crank shaft ; the double beat valves are side 
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by side in a cast iron casing, designated the 
nozzles, which are secured to flanges top and 
bottom of the cylinder; each nozzle contains a 
supply and exhaust valve ; the primitive mode was 
to have four valves in one top nozzle, with pipes 
leading to the bottom of the cylinder. The action 
of the steam is always more sudden when the 
valves are close to their work. In single acting 
engines, the steam from the top nozzle is allowed 
to descend and do duty in the bottom nozzle, 
thence to the condenser, which in most cases is 
in front of the foundation of the cylinder. The 
air pump exhausts the condenser in the usual 
manner, either by India-rubber discs or square 
valves. In many cases pumping beam engines 
have no fly wheel, but latterly they have been 
introduced, and the author wonders why not 
before, as their introduction tends to assist and 
equalize the motion of the engine. 



Power. 

HP. 

10 to 20 = 30 to 22 square inches per HP. 
20 '• 30 = 22 " 21 " 

30 " 50 = 21 "20 
60 " 100 = 20 " 19 
100 " 150 = 19 " l> 
Stroke = diameter of cylinder X 2.25 to 2. 
Area for port supply (for slide valve) = 

area of cylinder 
19 to 22 
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« 

Area of exbaust port = area of supply port x 1.5. 

Area of port when equilibrium valves are used = 

area of exhaust as for the slide valve. 

Length of port = diameter of cylinder x .6 to .7 

area 
Width of port =^j — —r- 

_ . ^ . , diameter of cylinder 
Diameter of piston rod = ir^r-^ 

Diameter of stuffing box = diameter of rod x 2 to 
1.75. 

Depth of stuffing box = diameter of rod x 4. 

Depth of gland = diameter of piston rod x 2. A 
perforated tube of brass is inserted centrally in 
the depth of the stuffing box, into which steam 
is admitted by a pipe leading from the nozzles; 
by this means the stuffing box is kept air tight 

. in relation to the cylinder. 

Diameter of gland bolts 8 to 4 = diameter of 
piston rod x .4 to .3. 

Thickness of body of cylinder allowing for re- 
boring = 

10 inches diameter | of an inch 



•20 


" . i 


. • 


30 


1 


<< 


40 


H 


« 


60 


h% 




60 


If 




70 


li 




Thickness of 


cover .— thickness of cylinder x .8 



to .7. 
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Diameter of studs = thickness of cover x 1.25. 
Thickness of ribs = thickness of cover x .8 to .7. 
Diameter of bolts for securing cylinder = diameter 

of piston rod X .5. 
No. of securing bolts = 4 to 6. 
Thickness of flanges = thickness of body. 
Thickness of slide or equilibrium valve, casing, 

or nozzles = thickness of cylinder x .8 to .7. 
Thickness of flanges of nozzle = thickness of 

body part of casing. 
Diameter of securing studs of casing = thickness 

of flange. 
Area of valve's supply (equilibrium) = 

area of cylinder 

19 to 22 

ft 

Area of exhaust valve = area of supply valve X 

1.5. 

. . „ . area of valve 
Area m centre of valve = ^ 

Angle of mitre = 45° 
Width of mitred part of valve seat = 

diameter of valve 
12 to 15 
Depth of valve between seats = width of port. 
Thickness of body of valve = J to f of an inch. 
Diameter of studs for securing valve seats = J to 

f of an inch. 

^. ^ , - diameter of valve 

Diameter of valve rod = — : ^tt—k 

7 to 9 

Stuffing box diameter = diameter of rod x 2. 
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Depth = diameter of rod x 2. 

Depth of gland = diameter of rod x 1.5. 

Diameter of studs of gland (2) = diameter of rod 

X.5. 
Diameter of cam shaft = diameter of valve rod 

x3. 



Parallel Motion. 

The design of this motion is still in most cases 
primitive, more particularly in th© connection of 
the beam to the piston rod, flat bars being gen- 
erally used, designated links, with distance pieces 
between the brasses adjusted by keys, cotters, and 
gibs, the said distance piece being often of cast 
iron, the ^^sign of which owes its origin to the 
so-called trellis, or cross-barred work adorning 
fronts' of antique windows, or forming railings of 
gardens. In some cases, distance pieces are of 
wrought iron turned rods; when beams are. con- 
structed in two parts or sides, and bolted together 
by distance bolts, the connecting rod has a double 
end for the pin in the beams, whereas that for the 
piston rod cap is single; the same applies for 
beams with solid ends. 

The radius rod weigh shaft may be allowed to 
vibrate in plummer blocks, instead of fixed with 
the radius rods vibrating on it. By the former 
adoption, the radius rods can be adjusted by nuts 
or cotters to the most minute exactitude, which is 
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« 

the vital part of the parallel motion; the parallel 
bars or rods should also be adjusted as the radius 
rods. 

Length of beam in feet = stroke of engine in 

feet X 3.5, in some cases 4. 
Length of piston connecting rod, or link = ^ 

stroke of engine 

" 2 

Length of parallel bar = radius of beam x .48. 

Length of radius rod = radius of beam — paral- 

, , , remainder^ 

lei bar r=-n — 

parallel bar 

Diameter of piston connecting rod = diameter of 
piston rod. 

Diameter of parallel connecting rod = diameter 

* of piston rod x .5 to .45. * • 

Diameter of parallel bar and radius rod = diam- 
eter of piston rod x .5 to .4. 

Diameter of piston rod cap (wrought iron) = diam- 
eter of rod X 1.6 to 1.5. 

For the proportions of brasses, straps, gibs, and 
cotters, see Miscellaneous. 

Diameter of radius rod and parallel bar weigh 
shafts = diameter of piston rod x .7 to .6. 

Diameter of piston rod cap pin = diameter of pis- 
ton rod x 1.2. 

Diameter of beam end pin = diameter of piston 

rod X 1.2. 

. _ length of beam 
Depth of mam beam at centre = a f 7 

A universal rule is half stroke of engine. 
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Diameter or depth at end = depth at centre x .4 to 

.8, the line from centre to ends being a curve. 
Thickness of beam with 2 parts or sides = one 

inch as minimum for beams 15 feet in length, 

having an increase beyond this J inch per 10 

feet of length. 
Thickness of ribs and back of beam = thickness 

of body X 1.25. 
Width of nioulding, ribs, and web = thickness of 

body X 2. to 8. 
Diameter of gudgeon = diameter of piston rod x 

2.25 to 2. 

The proportions of solid beams are as follows : 

Thickness of beam = 1 J inch as a minimum for 

beams It) feet long, increasing in thickness J iA. 

per 5 to 6 feet beyond the fixed dimension. 
Thickness of rib and web = thickness of body in 

large beams ; a slight increase in small beams. 
Diameter of globe at ends of beam = depth at 

centre x .3 to .2. 
Diameter of bosses for pins = pins' diameter x 

2.5. 
Depth = pins' diameter x 1.5. 
Diameter of gudgeon boss = diameter of gudgeon 

X 2, having a moulding and ribs to strengthen 

it. 
Thickness of rib = thickness of body x .5. 

In all cases design and symmetry should be 
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oTDserved in beams of cast iron, sucli as recessing 
tToie body, a moulding at the ^nd of the ribs and 
web, etc. 



Wrought Iron Beams. 

» 

This material for beams of engines is becoming 
more general in parts where life is considered 
worthy of care. Although the author has given 
rules for beams of cast iron, he does not advocate 
the use of. that material for beams of steam en- 
gines, for the reason that cast iron beams must 
imperatively be weakened by uneven expansion 
and contraction in cooling, however much precau- 
tion may be taken. Cast iron beams are in one 
mass, whereas wrought iron are of separate parts, 
of plates, riveted or bolted together ; for instance, 
in the bosses of the pins and gudgeon, practice 
determines that, in wrought iron, these should be 
secured to the body plate, rather than forged with, 
or even welded on it. The author's experience in 
the practicability and strength of wrought iron 
tends to demand rather than advise its use where 
safety is required and his superintendence is 
supreme. 

Depth of beams at centre and ends may be as for 
cast iron, symmetry being the principal guide. 

Thickness of sides or plates = J inch as a mini- 
mum for a beam 15 feet long, increasing J of 
an inch per 8 feet beyond this. 
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Width ct angle iron = 2. to 3. inches. 

Space between side plates = depth at centre X .2. 



CoxxBcnxG Rod. 

This rod is generally of cast iron, ornamental 
in design. Makers of beam engines generally 
rely on this detail, as ladies do on their bonnets^ 
"Viz., on the nsefol and ornamental conclusion, of 
the paraphernalia of the whole, in which both 
parties delight to indulge. 

Length of connecting rod = stroke X 3. 
Section at centre is usually a cross, or as the alge- 
braic sign for plus or more. 

- area of cylinder 

Area at centre = ^ -> ^ "^^ 

18 to 20 

Width of cross, 12 inches as a"lninimum for a rod 

.^ _ , - - . length of rod 

12 feet loner, above this = — ^-r— — z-^ — 
^ 14 to 15 

Diameter of crank pin = diameter of piston rod 
xl.4. 

Length = diameter x 1.5. 

Length of crank end of connecting rod, which is 
a parallelogram in section = throw of crank + 
radius of web of crank + clearance. 

Sectional Srea of crank end of connecting rod = 

area of centre . . 
o as a minimum 

Width of rod at crank pin end = diameter of 
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crank pin x .8 to .7, tapering to the cross part J 
per foot. 

The termination of the cross part of the con- 
necting rod at each end is a circle. 

Diameter of crank end = width of centre x .8 to 
.75. 

Diameter of termination at beam end = diameter 
at crank end x .875. 

In cases where the connecting rod is required 
to be forked at the beam end, that part is cast 
with the remainder. 

Area of each fork = area of termination at beam 
end X .6. 

For the proportions of brasses, cotters, and 
gibs, see Miscellaneous. 



Grank Shaft. 
Diameter = diameter of piston rod x 2.5. 



Cranks. 

In beam engines this crank is under the same 
misfortune as the beam, viz., constructed of cast 
iron ; also, it is large and heavy in ratio to the 
symmetrical contour which wrought iron will ad- 
mit of, combijiing the same strength. As, how- 
ever, the prejudice of some makers has to be 
gradually eradicated, the author presents the fol- 
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lowing proportions of cast and wrought iron 
cranks : 

CAST IRON CRANKS. . 

Diameter of boss of pin = diameter of pinx 2. 
Diameter of crank shaft boss = diameter of shaft 

X 1.75. 
Length of bosses = diameter of shaft or pin. 
Thickness of web = length of boss for shaft x .3. 
Thickness of centre fib = thickness of web x .6. 
Depth of web = thickness of web. 

WROUGHT IRON CRANKS. 

Thickness of metal of boss around shaft = diam- 
eter of shaft X .4. 

Thickness of metal of boss around pin = diam- 
eter of pin X .375-. 

Area of crank at centre = area of shaft. 

This crank should be shrunk on the shaft, after 
which keyed, thus ensuring a permanent connec- 
tion. 



Gear tor Working Slide Valve. 

The slide valve being used only in beam en- 
gines of small power, a brief notice will only be 
given, sufficient, however, to enable the proper 
proportions to be attainable. The mode of work- 
ing the slide is by an eccentric, keyed on the 
crank shaft, whose motion is transmitted by a rod, 
levers, and weigh shaft to the valve. 
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Outside lap of valve = width of port supply x .5 

to .6. 

Tr,«;^o lor. _, Q^ts^de lap 
Inside lap = ^ 

Width of bar in cylinder = outside lap + inside 
• lap + width of supply port. 

Diameter of valve rod = piston rod x .5 to .4. 

Throw of eccentric = outside lap + width of sup- 
ply port, presuming all levers are of the same 
length. 

Diameter of eccentric bolts = diameter of valve 
rod X .8. 

Width of eccentric band = bolts' diameter x 2.1. 

Thickness = bolts' diameter x .8. 

« 

_- . , _ . _ diameter of shaft 

Thickness of eccentric boss = =— — -^ 

5 to 6 

Thickness of band = thickness of boss x .75 to .6. 



. ECCENTRJC EOD. 

As this rod is of great length, even in engines 
of a moderate size, where direct action from the 
shaft to the valve lever is observed, rigidity is 
required, so as to transmit a true motion to the 
valve ; but this rod is not subject to «uch strains 
as the general modes of construction and propor- 
tions would infer; being flat bars, the sectional 
area of each equals that of the valve rod ; also 
being strengthened by perpendicular stays of 
huge dimensions, intersected with lattice-work, 
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sufficient to bear ten times the strain the ecoentrie 
can ever impose^ on it, thus making a girder in- 
stead of a rod, and thereby incurring unnecessary 
weight and friction. The following proportions 
will be found to be of practical utility : 

The form of the eccentric rod should be thus: 
a rod should be keyed or bolted centrally in, or 
to the eccentric band, as for marine or high pres- 
sure engines, the eccentric bolts being prolonged 
as stays, and secured to the rod at the valve end 
by bolts and nuts, or rivets. 

The area of the eccentric rod at shaft end = area 

of valve X 1.2. 
Area at valve end = area of valve rod. 
Increase of diameter at centre = ^j per foot of 

length. 
Diameter of eccentric bolts at centre, used as 

stays = diameter of valve rod. 

Where two valves are used, as in high and low 
pressure engines combined, the united areas of 
the valve's rods must be observed. 

When mitre gear, cams, etc., are used to impart 
motion to the valves, originating from the crank 
shaft, a mitre wheel is keyed on it, working its 
companion keyed on a weigh shaft, the latter 
being either horizontally, or at an angle to suit 
the position of the cam shaft, on which is also 
keyed a second set of mitre gear. 
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Biameter of gear shaft = diameter of cam shaft x 

1.3 to 1.2; according to its leijgth. 
Pitch of mitre gear = f inch per foot of diameter 

of pitch line. 

- As the mitre wheel i)n the crank shaft is usually 
in halves, the connection will determine its diam- 
eter. 

The cam shaft mitre gear should be as small as 
practical, as it is usually boxed or cased. 



Fly Wheel. 

This wheel in beam engines being large and 
heavy, for practicability in moulding, and cast- 
ing, the rim is in segments, the centre and arms 
separate, connected by bolts and nuts, and ad- 
justed by keys. 

Diameter of wheel = stroke of engine x 8. to 2.5. 

Weight of rim (cwts.) = power of engine x 2 to 3. 

_ , ^ . radius of rim 
Depth of nm= q^-^— 

Number of arms = 6 to 8. 

o 4.- 1 ^1, area of rim 

Sectional area of each arm = -z 

4 

Width of arms at rim = depth of rim x .7 to .8. 

Taper of arms = J to f of an inch per foot of 

length. 

diameter of wheel 
Diameter of centre = = 
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Diameter of arm bolts = -^ to ^^ of an inch per 

foot of diametej of rim. 
WidtU of keys = bolt's diameter X .4. 
Thickness of boss of centre = diameter of shaft 

X.4. ^ 

Length of boss = diameter of shaft x 1.75. 

Thickness of body of centre = ^ 

Thickness of ribs = thickness of body x .75. 

Wrought iron rings should be shrunk on the 

extremities of the boss so as to strengthen it. 

_, . • ^ . thickness of boss 

Thickness of nng= ^— 

o 

Width of ring = thickness X 2. ' 

Cubic contents of condenser = 

cubic contents of cylinder 

6 to 7 
Cubic contents of air pump, single acting = 
cubic contents of cylinder 
6 to 7 
Cubic contents of feed pump = as for high pres- 
sure engines. 

^. , ^ . - diameter of pump 

Diameter of air pump rod = ^ ^ — - 

o to o 

Diameter of feed pump rod = 

diameter of pump plunger 

2 to3 
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MAEIKB SCEEW ENGINES. 

Marine engineering has become a world of it- 
self in a professional sense of the term, for as we 
advance in science dnd art, rapid improvement 
takes place. . To the uninitiated it may perhaps 
seem but slow, the alteration being only in detail, 
which, practically, is the most essential to eradi- 
cate the evil from the whole. England and Scot- 
land have produced the best marine engines in 
the world, each maker or firm of course having 
his or their particular design, class, etc., etc. Scot- 
land produces fine specimens of engines, combin- 
ing strength and utility, but not equal on the 
whole to England. The London engineers are 
undoubtedly the we plies uUra, in every sense of 
the word, relative to rnarine engines. First on 
the list stand Messrs. Penn, for their well known 
double trunk engine, beautiful in design and pro- 
portion, but perhaps to the eye light or scanty in 
material, showing evidently that this firm care- 
fully calculate the required strength of each de- 
tail to the most minute exactitude. One observa- 
tion must be added, Messrs. Penn's engines are 
piodels for the most competent and conversant to 
well on. 

The next great firm is the Messrs. Maudslay; 
their class of engines are, generally, the usual 
double piston rod, return connecting rod, with two 
slide valves, and casings to each cylinder. In de- 
sign the Messrs. Maudslay are certainly faultless, 



? 



rwLAcacML wciMB worn 

hat m doobt has ofioi arisen in die mind cf tihe 
anthcH* wbeiher the prapcmkNu bj this tadented 
firm sie not too heaTT — a fiuih certainly on the 
right £de. This firm has lately prodnced a new 
arrangement of engines, and Taiwe gear, having 
three cylinders inf^ead of two^ diereby eqnaiisdng 
the rectproeity <^ the action of the pistons. 

AttenticNi is now directed to a firm of high 
standing and good repute, none producing better 
arranged or proportioned engioes than Messrs. 
Bayenhilly Salkeld, and Co^ they being the origi- 
nators of the double piston rod return connecting 
rod arrangement^ and well and truly have they 
adhered to the task they undertook — viz^ to pro- 
duce a first class example in the fullest sense of 
the word. 

Messrs. Humphrey, Tennant, and Co. produced 
at the great exhibition (1862) a splendid example 
of engines, adapted for the screw, of the single 
piston rod type, direct acting. This arrangement 
is certainly worthy of attention firom all who are 
interested — viz. for the single piston rod, guide, 
solid link, and short connecting rod of splendid, 
proportion, combining faultless design, with the 
position of the suction and delivery valves, in the 
condenser and air pump, the* whole worthy of 
copying, bat query if to be improved on. Last, 
but not ieast, the engines produced by the Messrs. 
Eennie, of the single trunk kind, having a con- 
necting rod on the same crank to work a single 
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trunk plunger for the air pump, single acting; the 
cylinders are not side by side, as arranged by 
other makers, but opposite each other, with the 
condenser and air pump, the latter being worked 
by the opposite engine. Such arrangement is^ of 
course, a great saving of room, a great desideratum 
in steam-ships. This firm shows great perception 
and care, in their design and proportion, being 
both a credit to the age we live in. 

The author may be excused for mentioning hi^ . 
invention — ^viz., the anti-friction trunk engine: — 
Burgh and Cowan's patent. This engine occupies 
less space at a given horse power, than any direct 
acting engine universally used, combining econ- 
omy and durability, by the means of bringing the 
centre of the connecting rod in the centre of the 
piston, vertically, and horizontally, also non-expo- 
sure and friction'of the trunks, and no loss of area 
in the cylinder, attainments never before accom- 
plished, thus dispensing with an immense weight 
and cost of machinery. 

The rules for the marine engine will now be 
fully elucidated in the most practical form. Sin- 
gular as it may appear, but true it is, that each 
maker differs in the area of their cylinders at a 
given nominal power. The Admiralty rule de- 
mands the speed of the piston in their formula ; 
consequently, the higher the speed determinad and 
agreed on, the smaller the diameter of the cylin- 
der. The author has carefully compiled the fol- 
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lowing table, being the average results produ^ 
by the leading firms, amalgamated with his own 
experience in this branch of the profession: 



Nominal HP 


Square Inches per HP. 


20 to 40»20 


to 


18.5 \ 


60 " 100 « 18 


i( 


IT 1 


160 " 200=16.6 


i< 


16 y''' 


260 " 300 = 16.12 


ti 


15.3 ("^ 


460 " 500 = 14 


n 


13.5 ) 



Batio of length of stroke to diameter of cylinder : 

In small engines from 50 HP to 200 HP ooUec- 

. , , . diameter of cylinder 
tively, the ratio = j^j-^^^^g 

Engines from 250 HP to 450 HP collectively = 

diameter of cylinder 
1.65 to 1.78 
Engines from 500 HP to 900 HP collectively = 

diameter of cylinder 

1.8 to 1.87 

Engines from 1000 HP to 1500 HP collectively = 

diameter of cylinder 
" 1.93 to 2. 

These proportions will produce the desideratum 
at the length of stroke usually adopted. See 
Table below : 



Nominal HP 


Diameter of 




I<ength of 






eoUectlTely. 


each cylinder. 




stroke. 




DiTiaor. 






ft. in. 






60 


26i 


• . • 


1 6 


•• • 


1.472 


100 


• • • oo 


•• • 


2 


• %• 


1.583 


200 


46f 


•• • 


2 6 


« • • 


1.554 
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ITcnninsl HP 


Diameter of 


Length of 






collectively. 


each cylinder. 


stroke 
ft. in. 




Divisor. 


300 


58 


2 9 




l.'?5? 


400 


64 


3 




1.111 


600 


... T0| .. 


3 3 




1.814 


600 


... T6i .. 


3 6 




1.821 


800 


84i 


3 9 




1.875 


1000 


92| 


4 

• 




1.932 




Cyld 


n)EB. 


 


Thickness of metal of cylinder : 






HP of one 










cylinder. 


Diameter. 


Thickness. 






30 


26^ 


• *\ 






50 


38 


•• i \ 






100 


,.. 46f 


1 1 






150 


58 


• 1* f 






200 


64 


ji Vadd 
,*. /borii 


ifOT 


re- 


250 


?0| 


ag- 




300 


T6i .. 


• If \ 






400 


84i 


• li 






500 


92| 


.. If/ 







Thickness of metal of steam passages = thickness 
of body X .6 to .8. Use the latter in small 
engines. 

Thickness of flanges = thickness of the body. 

Diameter of flange studs = 1 to IJ inch. 

'Pitch of bolts. See Miscellaneous. 

Thickness of cover =. thickness of metal of steam 
passage. 
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Thickness of ribs = tliickness of cover x .8 to .7. 

Diameter of man hole = 16 inches as a maximum. 

Area of port supply for slide valve = 1 to f of a 

square inch per HP nominal. 

Length = diameter of cylinder X .7 to .6. 

area 
Width = f--T- 
lengtn 

Width of bar •= outside lap of slide valve + inside 

lap + width of port supply. 

Exhaust port width = width of supply portx 1.5. 



Common Slide Yalve. 

Outside lap = width of supply port x .6. 

_ . _ _ outside lap 
Inside lap = ^ 

In cases where the stroke of the valve admits 
the steam at a lesser area than it exhausts from 
the same port into the condenser, the following 
musf be observed: 

Area of opening, or travel of valve from edge of 

port = 1 to } of an inch per HP. 
Area of port = area of opening x 1.5 
Area of exhaust = area of port x 1.5. 
Width of bar in cylinder = width of outside lap, 

minus inside lap + width of supply port. 

Outside lap = width of opening x .6. 

_ . . , outside lap 
Inside lap = ^ 
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4 

In order to jeduce the friction as much. as pos- 
sible, narrow bars are used in the cylinder, both 
for the common, and equilibrium valves. The 
following will enable the most practical propor- 
tions to be obtained: 

COMMON SLIDE. 

Width of bar = width of port X .5, but one inch 

as a minimum. 
Lap of valves as before given. 
Width of exhaust space*in valve = width of port 

supply X 1.5 +half the travel of the valve + 

*width of bar, minus inside lap. 
Width of exhaust port in cylinder = width of 

bars, minus inside laps, deducted from the 

width of exhaust space in valve. 



Exhaust Belief Slide Valve. 

This valve allows the steam to exhaust a greater 
area than that of the supply. 

Width of bar = width of opening x .5, but one 

inch as a minimum. 
Width of exhaust space in valve = width of port 

X 1.5+half the*travel of the valve + width of 

bar, minus inside lap. 
Width of exhaust port in cylinder = width of 

bars, minus inside laps, deducted from the 

width of exhaust space in valve. 



* 

-: — I Zfr l*^TZi did 

1: . _ ^ 



jti 



I 

the - - 

the ^ 

- --- .: v^ jrjm. tie 

Ar 

I _ 

Outs. ^ ^ .ist^-j -U.\ 
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Equilibrium Slide Valve. 

This valve is adopted in large engines for two 
reasons : firstly, to reduce the stroke, thereby the . 
friction; secondly, to neutralize the pressure of 
the steam acting on the valve. These valves have 
double ports for supply, and single for exhaust, 
corresponding ports being cast in the cylinder. 
When the valve travels the width of the port, the 
proportions will be thus: 

COMMON equilibrium SLIDE. 

Lap of valve as before given. 

Small bar =: width of bar as before. 

Width of exhaust space in valve = width of 2 

ports' supply X 1.5+half travel of the valve+ ' 

width of small bar, minus inside lap. 
Width of large bar =- outside lap + width of port 

+ width of small bar + half travel of- the valve. 
Width of exhaust port in cylinder = width of 

bars, . minus inside laps, deducted from the 

width of exhaust space in valve. 



Exhaust Eelief Equilibrium Slide Valve. 

Laps as before given. • 

Width of exhaust space in vSlve = width of 2 
ports' supply X 1.5+half travel of the valve + 
width of small bar, minus inside lap. 

Width of small bar = width of port supply x .5 
but one inch as a minimum. 
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.Width of exhaust port in cylinder = width of 

small bar, minus inside laps, deducted from the 

width of exhaust space in valve* 
"Width of large bar in cylinder = outside lap + 

width of opening caused by valve + width of 

small bar + half travel of valve. 
Half travel of valve = width of opening or port 

+ outside lap. 

_^. ^ . ^^ . - half travel of valve 
W idth of face beyond port = ^ 

Thickness of body of valves = f to | of an inch. 

Eibs should be cast in valves, exceeding 12 

inches in length. 
Space between ribs (maximum) = 12 inches. 
Space between ribs (minimum) = 6 inches. 
Tluckness of ribs = thickness of body x .8 to .7. 
Thickness of flange of valve = thickness of body 

X 1.26 to 1. 
Diameter of valve rod = diameter of piston rod 

X.4. 

Position of the valve rod should be in the cen- 
tre of the valve (front and plan). 

Width of guide of valve in casing = | to J J inch 

The means for ensuring the slide valve's work- 
ing against the Scing on the cylinder are numer- 
ous. In small valves, springs are used, 3, to 4, 
branches equidistant, secured in the centre by one 
or two studs, f to 1 J inches diameter in valves, for 
engines to 50 HP, collectively ; above this power 
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the means adopted are as foUows: The sides of 
the Talve are raised either square and plained, or 
circalar and tamed aboTe the top of the metal of 
steam passage, cased with a brass bush ; a sliding 
ling of cast iron or gon metal embraces either 
the round or square part of the valve, as the case 
may be. This ring is recessed within another 
packed with a gasket^ which ring is raised or low- 
ered by s^ screws^ or studs, screwed into gun 
metal blocks, dovetailed in the body of the slide 
valve. These studs are prevented from unscrew- 
ing or becoming loose by a small ratchet pinion 
cast with the stud, having a spring secured to the 
slide Yslve ; the spring also acts as an indicator 
of revolutions, so that the studs may be equally 
screwed when the compression of the packing is 
required; a communication with the condenser to 
the back of the slide valve prevents an excess of 
pressure. 

Width of slide ring = diameter of valve rod x .7 

to .6. 
Thickness of slide ring = width X .8 to .7. 
Thickness of packing ring at sides under recess = 
thickness of the sliding ring 
'■ 2lo'3 

Depth of recess in packing ring = width of the 

slide ring. 
Diameter of set studs = width of slide ring X .6. 

In square packing slide rings, the studs should 
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be arranged 2 at the ends, and from 2 to 4 at the 
sides, care being taken that the studs at the angles 
of the slide valve be equidistant. In round slide 
rings they are divided into 6 or 8 parts to equal 
the number of studs. In most cases the pitch of 
the studs = diameter of studx 14 to 16. 

The author recommends steam as the best means 
to cause the slide valve to retain its position 
against the face of the cylinder without undue 
pressure, thus: the steam acts against two flat 
sliding pieces of gun metal introduced or recessed 
in the cover of the casing, provisions being cast 
thereon to receive the same. On the back of the 
slide projections are cast to correspond with the 
pieces alluded to ; the cover of the casing has a 
communication from one recess to the other, the 
steam being admitted from the slide casing by a 
oock, another being in the lower recess to let off 
the condensed steam. When starting the engine, 
the supply and discharge cocks should both be 
open ; on the latter being closed, the former will 
regulate the pressure on the valve with the most 
minute exactitude. 



Valve Casing. 

Thickness = the thickness of the body of the cyl- 
inder X .75 to .6. 
Diameter of bolts or studs = f to | of an inch. 
Pitch of bolts. See Miscellaneous. 
6 
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Thickness of flanges = thickness of body x 1.12. 
Thickness of cover of casing = thickness of body. 

The flanges of the casing should be ribbed be- 
tween each stud or bolt. 

The cover of the casing should be ribbed hori- 
zontally and vertically. 

The area between the ribs should never exceed 
1 square foot per 20 lbs. of steam per square inch 
on the piston. 

Thickness of the ribs of flanges = thickness of 

the body of casing. 
Thickness of the ribs of cover = thickness of the 

body of the casing x .8 to .7. 
Depth of the ribs of cover = 3 to 5 inches. 
Diameter of securing studs of cover = thickness 

of cover. 



Piston. 

The best mode of rendering the piston steam 
tight is by metallic means — viz., by a ring of cast 
iron as a spring, the external periphery of which 
coincides with the internal of that of the cylin- 
der, the ring being of uneven thickness, and di- 
vided at the thinnest part at an angle of 45°, 
having a tongue or piece of gun metal dovetailed 
in its centre, so as to prevent the steam from pass- 
ing through the division; the ring is rendered 
efiective by a packing of gasket, which is com- 
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pressed by a face ring and studs ; in some cases 
a separate ring with separate studs. Each of the 
studs should be prevented from unscrewing by a 
rachet forged on the stud, having a spring secured 
to the face ring of the piston. 



EULES. 



^ - , - - . diameter of cylinder 
Depth of the piston = — = ^  ^^ 

Thickness of body = thickness of cylinder x .8. 

to .7. 
Thickness of metal around rods = thickness of 

body X 2. 
Thickness of ring opposite slit = thickness of 

body. 
Thickness of ring at slit = thickness of body x .6 

to .7. 
Taper of ring spring internally = 2 inches per 

foot. 
Width of packing ring = thickness of spring ring 

at slit X 2. 
Diameter of packing ring studs = f to | of an 

inch. 
Diameter of face ring studs = | to 1 inch. 
Width of face ring = diameter of studs x 1.8. 
Thickness of face ring = thickness of body. This 

ring is recessed to receive the heads of the* 

packing ring and securing studs. 
Position of stud blocks = centre of depth of 

piston. 
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Thickness of blocks = diameter of stud. 

Side of square of block = diameter of stud x 1.8. 

Proportion of valve rod stuffing box = as for 

piston rod, with the exception of studs, which 

in this case = diameter of rod x .88 to .3. 

-.. , ji J. /«x diameter of cylinder 

Piston rod's dia. (2) = r^ ^ ^^ 

^ ' 9 to 11 

Diameter of stuffing box = diameter of rod x 1.5. 

Depth of stuffing box = diameter of stuffing box 

X .6 to .5. 
Depth of gland = depth of stuffing box x ,75 to 

.6. 

Beyond the gland or cast with the bush should 
be an oil chamber. 

Diameter of oil chamber internal = diameter of 

gland. 
Depth of oil chamber = diameter of piston rod x 

.25 to .3. 
Thickness of metal of oil chamber = J to f of an 

inch. 
Depth of stuffing box beyond oil chamber = from 

1 to 2 inches. 
Diameter of gland is as large as the external 

diameter of the oil chamber will admit of. 
Diameter of studs for main gland (3 to 4) = . 

diameter of piston rod 
4 to 6 



modern engines and boilers^ 65 

Condenser. 

Cubic contents for one cylinder = 

. cubic contents of cylinder 

6loT 
For two cylinders = 

cubic contents of cylinder x 1.5 

6 to 7 

Thickness of body = } to If of an inch, being 

ribbed, and in some cases stayed for large 

engines. 
Thickness of securing flanges = thickness of 

body X 1.25. 
Thickness of doors = thickness of body x .8 to .7. 
Diameter of securing studs = thickness of metal 

of doors.- 



Air Pumps. 

Cubic contents, double acting = 

cubic contents of cylinder 
10. to 12. 

Cubic contents, single acting = 

cubic contents of cylinder 

6. to 7^; 

Stroke of pump = stroke of engine. 
Area'of valves = area of pump x .75 to .8. 



Valves. 
These valves are discs of vulcanized India- 
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rubber; the average diameter is about 6 to 7 
inches, but it should never exceed 9 inches. 

Thickness of valve = J to | of an incK 

Lap of valve = thickness x .5. 

diameter 
Lift of valve = — ^ 



Valve Seating. 

Thickness of flange = thickness of valvex.8 to 

.75. 
Diameter of securing studs = thickness of valve. 
Pitch of studs = diameter of studx .8 to .7. 
Area of each small opening in seatings should 

•never exceed 2 square inches. 
Thickness of ribs = J of an inch per square inch 

of opening. ^ 

Depth of ribs = \ of an inch per inch of extreme 

diameter of opening. 
Diameter of securing bolts for guard = y^^ to J of 

an inch per inch of valve's diameter. 
Diameter of securing bolt boss in seating = 

diameter of stud + twice the lap of valve. 
Eadius of curve of guard = diameter of valve x 

A to .5, but in some cases the guard is angular. 
Thickness of guard = J to J of an inch. 
An approximate mode to obtain the effective 

area of the openings in one valve seating = 

area of the diameter of the opening x .5 to .6, 

the latter being for diameters from 5 to 7 

inches. 
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Total area of diameter of opening = 

effective area 
.5 to .6 

The arrangement of the valve seatings is 
various. In some cases one valve plate, con- 
taining one set of valves, is used, but the prefer- 
able plan is to make each valve seating separately, 
secured by 4 separate studs, or by the guard bolt, 
with a cross bar on the opposite side of the metal 
of the condenser ; the diameter of the bolt would 
have to be increased, say IJ times of the bolt's 
diameter when securing the guard only. The 
gain by having each valve seat separatelv is a 
saving of patterns, and ensuring a more perfect 
joint in relation to the connection of the air pump 
and condenser. The positions of the suction and 
discharge valves are vscrious; the most modern 
and practically correct arrangements are thus: 
The suction valves are inverted in the bottom of 
,the condenser, so as to effectually drain the same ; 
the discharge valves are on the same level, but not 
inverted ; longitudinally, the valves are arranged 
the whole length of the condenser, transversely, 
being two to three in number. In the case of the 
discharge valves, there is generally an increase of 
one valve in number with valves of the same 
diameter as the suction, but a better plan is to in- 
crease the area plightly for the discharge valves, 
and retain the same number as for the suction. 

As air ascends in water when the latter is com- 
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pressed, the author has devised an arrangement 
of valves to allow the air to ascend, and the water 
(assisted bj its gravity) to descend. The follow- 
ing description will enable the interested readers 
to practically understand the desideratum ob- 
tained. The suction and discharge valves are in- 
verted, the former over the air pump, and thie 
latter under ; over the air pump at each end there 
are two air valves, reverse in action, but the same 
in principle as all the others, for example, when the 
air pump is discharging itself, the air valves open 
upwards whereas the discharge valves open down- 
wards, but both effectually cause a vacuum in the 
air pKmp, immediately the return or reverse 
action takes place. By this arrangement, the con- 
denser, the air pump, and valves occupy less 
space than any other yet introduced ; this is illus- 
trated in general arrangement and detail in the 
author's practical illustration. 

Area for exhaust steam pipe for 2 cylinders = • 
area of exhaust port from one cylinder X 1.5 as 
a maximum, 1.25 as a minimum. 

Area of injection (sea- water) for 2 cylinders = 
cubic contents of one cylinder in feetx 1.5 as a 
minimum, 2 as a maximum x the pressure of 
steam per square inch used as decimals. 

The bilge injection is used only when the sea 
injection pipe or valve is disarranged. The area 
of the bilge injection is usually smaller than that 
from the sea. 
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Air pump lining is usually of gun metal, se- 
cured either by a flange, with studs, or a packing 
provision cast in the condenser; in some cases 
studs of gun metal J inch in diameter are re- 
cessed in the lining, and tapped into the con- 
denser ; by this means the flanges and packing are 
dispensed with*. 

Thickness of lining = J to J an inch, with pro- 
visions for turning and fittihg. 

Air pump piston, or plunger, is entirely of gun 
metal with metallic packing rings and studs, as for 
the steam piston. 

Depth of piston = diameter X .3 to .2. 
Thickness of metal of body = | to J inch. 
Thickness of ribs 4 to 6 = thickness of bodyx 

.7 to .6. 

_ . ^ . - diameter of piston 

Diameter of air pump rod = 3— — ^ 

^ ^ 6 to 7. 

Proportions of stufcng box as for piston rod 

Area of exhaust (water) for 2 air pumps = total 

area of one set of valves for one air pumpx 

1.5. 
Area of snifling valve = 1 to f of a square inch 

per foot of cubical contents of condenser. 



Injection Valve. 

This valve regulates the water from the sea, or 
bilge Kingston valves. The injection valve and 
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iz are made entirelT of gun metal, the yalve 

aad seat aie cjt a gridiron shape, with 3 or 4 

opemngs. 

Length of (^nings= diameter of pipe. 

__.- - - - area of one opening 
\V idtn of each caning = z r^^ 

Thickness of metal of body = ^ to f of an inch. 
Thickness of flanges = thickness of bodyx 1.125. 
Diameter of valve xod = i\ to } of an inch per 

inch of diameter of pipe. 
Diameter of stads = | to | of an inch. 



Feed Pl'mp. 

This pump, as in the case of high -pressure 
engines, is subservient to the pressure of the 
steam and cubic contents of the cylinder. The 
length of the stroke of pump is, in direct acting; 
trunk, and return connecting rod, engines, equal to 
the stroke of the engine. 

Cubic contents of pump in inches = cubic con- 
tents of cylinder + cubic contents of one steam 
passage in feetx 3 times the number of cubic 
inches of water to produce one cubic foot of 
steam. See Tajble below. 



Pressnre of Steam per 






Cubic inches df Water to 


square inch 






1 cabic foot of Steam. 


10 


. • • 


••• 


1.T 


15 


• • • 


... 


2.0 


20 


••• 


• • • 


2.3 


* 25 


• 
• • • 


••• 


2.6 
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Prenare of Steam per 
square inch. • 


Cable inches of Water to 
1 cubic foot of Steam. 


30 ... ... 2.9 


35 


3.2 


40 


3.5 . 


45 


3.8 


50 


4.0 


60 


4.6 


TO 


5.1 


80 


5.65 


90 


6.2 


100 


6.68 


^ , cubic contents of pump 



^ ° stroke 

' _ _ diameter 

Thickness of plunger = g.q 

, area of plunger 
Area of pump rod = j 

Area of a feed valve = area of plunger x .8. 

The valves for the feed pump are as for the air 
pump, one only being used for suction and one for 
discharge. 



Guide Block. 

This block is of various forms, each maker of 
course being ready to assert his own as the best. 
The following is a synopsis of some of those at 
present used : First, the connecting rod is a single 
end, with a cross head connected to the piston 
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rods, having brass blocks secured on the cross 
head on both sides of the connecting rod, or be- 
tween the connecting and piston rods ; the guides 
are of cast iron, secured at each end by bolts and 
nuts. Such a system, or rather arrangement, 
however, owes its origin to the antique high 
pressure engine, with its long cross head, and 
double instead of single end connecting rod. The 
next in use is the same kind of cross head, secured 
in a block of cast iron, but in small engines, of 
brass or wrought iron, the underside of this block 
is of a dovetailed form in section, and works in a 
channel on the air pump casing, or a framing 
cast separately and secured to it. The last and 
best is that improved arrangement known by the 
name of the T guide block, secured by bolts and 
nuts to the cross head at its back, to which cross 
head the piston rods are secured in the usual 
manner; the connecting rod is forked, with the 
connecting pin riveted in it^ the block is either in 
halves perpendicularly, or solid at the back, with 
the front part loose between the securing bolts j 
the T or guide part is cast with the upper, having 
a separate bottom, designated the shoe, which has 
a taper in its connection, so that adjustment by 
studs. is attainable without disarrangement. 



Common Guide Blocks. 



stroke of engine 

^°stt= 3-^3^1 — 



\ 



MODEBN SNaiNES AND BOILEBS. 73 

Width = ^ 

2 to 3 
Thickness of metal over and under cross head = 
diameter or width of cross head 

4 to 5 
Thickness of body of top part of guide = f to 1 J 

inch. 
Thickness of ribs = thickness of bodyx .8 to .7. 
Diameter of securing bolts at each end (2) = 
thickness of body. 



T Guide Block and Cross Head. 

Area of guide = area of cylinder in square inches 

X pressure 

of steam in lbs. per sq. inch on piston as decimals 

ratio of connecting rod to stroke 

Length of guide = stroke x .6. 

. _ _ _ , _ area of guide 
Bottom width of guide = — ^ — -rr 

Thickness ofguide= J— -^ but the minimum 

thickness = 1 J inch. 

^ . _ , ^ . T bottom width 
Top width of guide = q ^ a 

, . , 1 area of piston rod 
Area of each securing bolt = 



Thickness of metal around bolt= 



2 
diameter 



8 
7 
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Diameter of bolt head = bolt x 1.5. 

mt., /. 1. J diameter of bolt 
Tnickness of head = -^ 

Diameter of pin == diameter of piston rod x 1.25. 

Diameter of bearing == diameter of pin. 

Length of bearing = diameter of bearing x 1.25. • 

beapinsr s diSimeter 

Thickness of metal (back) = ^—5 * 

o 

Thickness of metal (front) = thickness of back 

X .6. 

_, . , ^ . • . thickness of back 
Thickness of projection = 



Diameter of set screw of shoe = 



2 

width of guide 



10 

^, . . ^ bearing's diameter 
Thickness of cap = ^-^ 

Width of cap = size of nut across the angles x 1.1. 
Sectional area of cross head = area of piston rod 

X 1.5. 
Width = diatneter of head of bolt, or width of 

cap. 

rm . 1 A ,. A diameter of bolt 
Thickness of clip of cap = -j 



Guide Frame. 

This frame is either cast on the condenser or 
seps(,rately, and secured by bolts and nuts. When 
for single piston rod engines, the guide frame is 
secured in front of the cylinder, to each of the 
main frames of crank shaft ; the top part of the 
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guide channel is generally oast separately, des- 
ignated the flange, and secured by bolts and nuts 
to the lower part. 

Thickness of flange = depth of channel x .8 to .7. 
Thickness of bottom of channel = thickness of 

flange. 
l3iameter of flange securing bolts = thickness of 

flange x .8 to .7. 
Pitch of bolts = diameter of bolts x 10. 
Thickness of metal of body and ribs = | to IJ of 

an inch. 
Width and depth of ribs = thickness x .7 to. 6. 
Thickness of flanges = thickness of ribs x 1.25. 
Diameter of securing studs or bolts = thickness 

of flanges. 

When the feed and bilge pumps are cast with 
this frame, the proportions wUl be as follows : 

Diameter of barrel .= diameter of plunger +| to 
one inch. 

Thickness of barrel of pump^= J inch as a mini- 
mum for 1 J inch diameter, above this J of an 
inch per inch of internal diameter. 

Depth of stuffing box = diameter of plunger. 

Depth of gland = depth of stuffing box x .75. 

Diameter of stuffing box = diameter of plunger 
X 1.375 to IS. 

Thickness of metal of stufl&ng box = thickness of 

gland. 

^ « , , , 1 diameter of plunger 
Diameter of gland bolts = 7 
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Thickness of flange of gland = diameter of bolt. 
Proportions for plunger rod stuffing box = that 
for air pump rod. 



Connecting Eod. 

* 

This rod is of two kinds, double or forked at 
the cross head end, the crank end, with solid head 
in halves, and hexagonal brasses secured by bolts 
and nuts ; the other kind being a single T at each 
end, with the flat brasses and caps secured by bolts 
and nuts. The proportions of the former or double 
end connecting rod will be as follows : 

Length = stroke x 2.5 to 3. 

^ ^ , piston rod area 
Cap bolt area = ^ 

Diameter at guide end = diameter of piston rod. 
Diameter at crank end = diametpr «f piston rod 

xl.25. 
Diameter at centre of turned part = J inch per 

foot of length + diameter at crank end. 
Diameter of guide block pin == diameter of piston 

rodx 1.25. 
Area of each fork = area of piston rod x .75. 
Width of each fork = diameter of piston rodx 

1.25. 

Thickness of each fork = . , . 

width 

Space between forks = diameter of pin x 1.25. 
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Diameter of eye = 

diameter of pinx 2+ pin's diameter 
• 3 

Width of eye'= tliickness of fork x 1.5. 

Length of fork from centre of eye = pin's diameter 

X 2. 

diameter of bearing 



Thickness of brass = 



8 



,^ . , „ diameter of bearinsc 
Thickness of caps = s 

Diameter of head of bolt = diameter x 1.5. 

_„ . , diameter 
Thickness = ji — 



Single E^ds Connecting Eod. 

Diameter of cross head = diameter of piston rod 

xl.4. 
Space betw^n brasses and side of securing bolts 

= i to J of an inch. 

The remaining proportions are as those already 
given. 



_ Slide Valve Link Motion. 

The principal part in this motion is the link, 
it being generally slotted or hollow, as for loco- 
motive engines. 

Area of slide block pin == area of valve rodx 
1.25. 
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Sectional area of each bar of link (square) = area 

of valve rod X 2. 
Thickness of block beyond pin's diameter = 

pin's diameter 

5 to 7 

„, . . - - A , , , pin's diameter 

Thickness of flanges of block = - — =— — pr 

° ^ 7 to 9 

Length of sliding block = diameter of pinx 2.5. 

Distance between centres of eccentric rod's pins = 

stroke of slide valve x 2.5 to 8. 
Area of eccentric pin = area of slide valve rodx 

1. to .875.^ 
Area of eccentric rod at centre = area of slide 

valve rod. 
Width of eccentric rod at link end = diameter of 

pinx 1.25. 
Taper of eccentric rod = J to f inch per foot in 

length. 
Area of securing bolts to eccen|pft,band = area 

of valve rodx .7 to .6. 
Thickness of T head === diameter of securing 

bolts. 



Solid Link. 

This link is an improvement on the slotted 
or hollow link ; being solid it is of course much 
stronger, and consequently- of less area than the 
usual kind. 

Area of solid link = area of slide valve rod x 2.7 
to 2.5, 
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TkLckness of link = diameter of valve rodx 
1.25. 

The author has designed a solid link and block, 
which allows the centre of the eccentric rod to 
be in the centre of the valve rod horizontally and 
vertically ; thus, the link is double or slotted at 
the ends, so as to allow the eccentric rod to be 
inserted in it, instead of clasping it as usual ; the 
pins are riveted in the link, so that the surface is 
unbroken throughout ; the link works in a block 
of gun metal, which oscillates, or vibrates, on pro- 
jections "cast on both sides; these projections 
work in the valve rod, which is so formed with 
bushes to receive the projections on the block; 
one part of the valve rod is secured by studs, so 
that the block can be fitted, and replaced by a new 
one when worn. This arrangement is shown in 
the author's gjactical illustrations. The following 
are the proportions of the block and provision on 
valve rod. 

Length of sliding block = width of link x 1.5. 
Thickness of block, front, back, and sides = width 

of link X .3 to .2. 
Diameter of projections = diameter of valve rod. 
Length of projection = diameter of projection x 

.7 to .6. 
Width of portion secured to valve rod = diameter 

of projection X 2. 
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/ 

Diameter of securing studs (8) = 

diameter of slide valve rod 
2lo'3 



Eccentric, Bands, Eods, Bolts, etc. 

Diameter of valve rod = diameter of piston rodx 

.4. 
Area of solid link pin = area of valve rod x .7 to 

.8. 
Area of band bolts = area of pinx ,75. 
Width of band = nut across angleax 1.03. 
Thickness of boss of eccentric = 

diameter of crank shaft 

6 to 8 

Thickness of rim and arms = thickness of boss X 

.75. 

^ , ^ rim thickness 
Depth of recess = — A+b 

Width of rim, arms, and boss = depth of recess x 

2+ width of band. 
Thigkness of band, wrought iron = diameter of 

bolts X .6, gun metal x .75. 
Thickness of internal brass hoop = thickness of 

band X. 2. 
Width of projection = width of bandx .4. 
Diameter of eye of rod = that of pin x 2. 
Width of eye = width of solid link x .5. 
Area of eccentric rod at eye = area of valve rod 

X .8. 
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\^idtli of rod = diameter of pinx 1.8. 
Taper = J inch per foot. 

rm . 1 area 

Thickness at eye = ., , 

•^ width 

Thickness at band = thickness at eyex 1.5. 

Thickness of bolt flange = diameter of bolts. 



Crank and Shaft. 

Diameter of shaft at bearing = diameter of piston 
rod X 2. 

Diameter of sjiaft beyond bearing = diameter of 
bearing X 1.125 to 1.11. 

Length of bearing = diameter of bearing x 2. 

Diameter of crank pin = diameter of bearing of 
shaft. 

liength of crank pin = diameter of pin x .75. 

Area of each crank at centre = area of bearing x 
.75. 

Width of crank = diameter of shaft beyond bear- 
ing. 

Thickness of crank = ...,, 

width 

Taper of sides of crank = f to 1 inch per foot. 



Main Frame. 

This frame supports the crank shaft, and retains 
the rigidity of the cylinder, longitudinally of the 
engine, but transversely of the ship. The frame 
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is of cast iron ; the form in general is as an A 
laid on its side, tlie double end being secured to 
the cylinder, and the outer end receiving the 
crank shaft. Some makers cast their frame 
hollow below the centre line of the shaft, the part 
above the shaft being strengthened by a wrought 
iron stay, secured by bolts and nuts to a pro- 
vision, cast on the cylinder. This seems to be the 
preferable plan, both as to symmetry and strength. 
The proportions will be as follows for brasses, bolta^ 
and frames : • 

Thickness of brasses between flanges = 

bearing's diameter 

8. to 10. 

Length between flanges of brass = total length of 

brass x .7 to .6. 
Thickness of flange = thickness of brass between 

flanges x .7 to .8. 
Thickness of brass at ends = thickness of flanges. 
: Diameter of securing bolts for cap (2) = diameter 

of those for crank end of connecting rod. 
Space between bearing and side of bolt = J to J 

of an inch. 

Width of bolt keys = diameter of bolt. 

bolt's diameter 
Thickness = ^ 

Diameter of stay = diameter of securing bolt. 
Thickness of securing head = diameter of stay 
X.5. 
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Area of one s^Tiring bolt for stay = ' 

area of stay • 

number of bolts 
Tbiokness of cap, cast iron = diameter of shaft's 

bearing X. 5. 
Thickness of cap, wrought iron = diameter of 

shaft's bearing X A. 
Thickness of metal of framing beyond bearing = 

diameter of bearing x .5. 
Thickness of metal around securing cap bolts = 

diameter of boltx .5. 
Thickness of metal of framing = that of the body 

of the cylinder. 
Depth and width of ribs = thickness of ribs x 4 

to 3. 
Thickness of bottom flange = thickness of ribsx 

1.5 to 1.3. 
Width of bottom flange = diameter of bearing of 

shaft. 
Diameter of securing bolts or coach screws = 

diameter of securing cap boltx .5. 
Pitch of flange securing bolts = diameter of bolts 

x9. 



Thrust Block and Screw Shaft. 

This shaft has a series of rings forged on it to 
resist the pressure or resistance caused by the 
acrew; for example, if a common screw be in* 
serted in a piece of wood, and the screw turned 
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(provided tlie wood is secured rigidly on all 
sides), it will enter, and the head approach to the 
wood ; but should the wood be secured only, so 
as to be prevented from turning, but allowed to 
slide, on the pcrew being turned it will still enter, 
but the wood will approach the head^ So in like 
manner, the crank shaft having a screw on its ex- 
tremity, the water acts as the rigid wood ; hence 
the propulsion of the ship and thrust on the shaft. 
A series of rings on the shaft, as before stated, 
diffuse the friction, each ring taking its share, but 
a doubt arises whether the ring nearest the screw 
does not receive the major part of the thrust. 
Presuming this to be the case, this first ring 
should be wider, and the remainder in proportion. 
Perhaps a better plan would be to inc»ase the 
hardness of the gun metal at the first ana second 
recesses. 

Number of rings on shaft = 6 to 8. 
Width of each ring = J inch as a minimum for a 
shaft 4 inches in diameter; above this to 18 

. , . ,. shaft^s diameter 

inches in diameter = 3— — ^ 

o to y 

Space between rings in most cases = width of 
rings X 1. to .8. 

Depth of rings = width x .75. , 

Thickness of brasses = depth of ring. Each brass 
should be recessed in the cap and block, so as 
to prevent the brasses from shifting. 
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■Number of staying recesses = 2. to 4. An ap- 
pro2dmate rule will be half the number of 

. rings working in brasses. 

Number of bolts for securing cap = one on each 
side for small shafts, say 3 to 5 inches in diam- 
eter ; above this diameter 2 to 3 bolts are used, 
the latter for shafts 18 to 24 inches in diameter. 

The sectional area of the cap bolt is derived 
from the area of the crank shafl;> although the 
former has a tensile and shearing strain on it, and 
the latter crushing and torsion. 

Area of total number of bolts = 

area of crank shaft 



9 to 11 
Thickness of cap and bottom of block = 

diameter of shaft 
3.5 to 4. 
Depth of cap bolt's lugs, or bossea.= diameter of 

bolt X 3 to 2.5. 
Thickness of metal around bolt =i= diameter of 

bolt X .6. 
Diameter of bolts for securing block and sole 

plate = diameter of cap bolts. 
The bolts foi\ securing block and sole plate = 4 
to 6 in nuD^ber, which also secure the sole 
plate to frame of ship. 
Thickness of sole plate, ribs, and bottom = thick- 
ness of block. 
8 
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Length of sole plate beypnd thrust part of block 

towards engine = diameter of shaft. 
Length of block and sole plate beyond block 
. towards screw = diameter of shaft x 8. to 4. 
Length of plummer block for shaft = diameter of 

shaft X 1.5 to 1.3. 
Diameter of cap bolts = diameter of thrust block 

cap bolts X .75. 
Thickness of brasses = thickness of that for 

thrust blocks x .75. 
Thickness of cap and bottom of block = 

diameter of shaft 
5 to 6 



TUBNING GeAB InD COUPLING. 

The use of this gear is to turn the engines 
without steam, for accessibility to any particular 
detail, or for lifting the screw from its coupling. 
The general mode adopted, is a worm working in 
a toothed wheel, cast on the shaft coupling beyond 
the main frame. 

Diameter of wheel = stroke of engine x 1.5 to 1.8 
the latter above 300 HP. In some cases diam- 
eter of wheel = stroke of engine x 1.25 to 1.4, 
the worm being ^ to ^^s ^f ^^^ wheeFs diameter. 
Diameter of worm generally used = 

diameter of wheel 
7lo~9 
Length of worm = pitch of teeth x 4. 
Pitch of teeth = 2 to 3 inches. 
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Diameter of worm shaft = pitch of the teeth as a 

general rule. 
Diameter of wheel boss = diameter of shaft x 2. 
Thickness of rim and body of wheel = thickness 

of teeth. For the proportions of the teeth, see 

Miscellaneous. 
Length of boss = diameter of shaft. 
Length of arm of rachet lever = stroke of engine 

X 3 to 2.5. 
Area of coupling bolts = area of shaft at bearing 

X .7 to .9. 

_ . n -i 1 diameter of shaft 

Diameter of bolts = o / g 

3 to 5 

Thickness of coupling at pitch line of bolts = 

diamefer of shaft x .4 to .3. 
Thickness of metal beyond bolt = diameter of 

bolt X .75. 



Wrought Iron Couplings. 
The modem mode of coupling the shaft between 
the thrust block, and the stem tube stuffing box, 
is by a disc of wrought iron forged on each length 

of shafting. 

_, . , ... diameter of shaft 

Thickness of disc = 5-7 — e ^ 

3 to 5 

Area and diameter of bolts as for cast iron 

couplings. % 



Stern Tube and Stuffing Box. 
The use of this is to allow the shaft to revolve 
freely without admitting the sea water ; the screw 



88 bubgh's practical bulbs for 

abaft has a tube cast around it in most cases ; this 
mode being preferable to boring the tube, turning 
the shaft, and forcing the tube on it, which entails 
studs as a final security. When the tube is cast 
on or around the shaft, a good plan is to groove 
the shaft, in one or two opposite parts, thus en- 
suring the tube not turning on the shaft. The 
shaft tube is turned only at each end for a given 
length, the stern tube being bored to correspond ; 
lignum vitsB is sometimes introduced between the 
tubes, as a means of reducing the friction at the 
parts in contact or bearing. This is of course an 
advantage in great velocities, but the necessary 
renewal of the wood, attended by the disarrange- 
ment of the shafting, greatly lowers its *practica- 
bility. The author advises that the shaft, and 
.stern tubes, be filled with soft or white met^l in 
ribs cast on the inner and outer diameters of the 
tubes ; that belonging to the shaft might always- 
be replaced by harder or softer metals, as the case 
might require. 

Length of provisional bearing, or friction parts at 

stern end = diameter of shaft X 2. 
Thickness of tubes = J of an inch as a minimum, 
and 1 inch as a maximum for shafts 20 inches 
in diameter, a good rule being 

diameter of tube 
20 
Length of stuffing box = diameter of shaft X 2 to 
1.5. 
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Length of gland = length of stuffing box X .2 to .3. 

Thickness of gland = | to 1 J inch. 

Diameter of gland bolt = thickness of gland. 

Number of gland bolts = 4 to 6. 

Diameter of bolts for securing stem tube f to 1| 

inch. 
Pitch of bolts = diameter x 8. 
Thickness of flange = diameter of bolt. 



ScBEW Pbopelleb. 

This pro{)eller should be treated as a common 
screw entering into a body, whether of wood or 
metal; presuming the part entered to be rigid, 
the screw will be advancing or receding, whereas 
when the screw is fixed longitudinally, the part 
entered will advance or recede according to the 
motion it receives. To revert to the origin of the 
screw propeller is not the intention of the author, 
he being well aware that the subject has been re- 
peated so often, that those desiring practical in- 
formation pass the pages filled with such useless 
matter; conseq;uently the 'desideratum is only 
here deemed worthy of attention — ^viz., the proper 
proportions to accomplish the best result, com- 
mencing with the common screw. 

Diameter of the screw of course is due to the 
depth of immersion of the vessel at the stern ; the 
extremity of the blade should be immersed y*^ of 
its diameter, as a guide for setting out the pro- 
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portions, but practical demonstration proves tbat 
in a heavy sea this rule is often deviated from, 
according to the susceptibility of the vessel to 
the action which is enforced by the sea. The fol- 
lowing rules are deduced from practice, conse- 
quently may be relied on : 

Diameter of screw = stroke of engine x 6 to 5. 

Pitch = diameter x 1.5 to 1.25. 

Diameter of bearing = diameter of crank shaft X 

1.25. 

Diameter of boss = diameter of crank shaft X 1.5. 

Width of T coupling = diameter of shaft x .75. 

_. - ^. _. diameter of screw 

Diameter of T coupling = ^— — -^ 

^ ° 5 to 6 

Length of blade on line of keel = 

diameter of screw 
5 to 6 
Thickness of blade at boss = 2 inches for a screw 
4 feet in diameter, increasing from this J of an 

inch per foot. 

thickness at boss 

Thickness of blade at point = ^7- — ^ 

^ o to 4: 

The correct mode to obtain the pitch of the 
screw is produced from the speed 01 the ship, de- 
ducting therefrom the slip of the screw, which on 
making one revolution would in a rigid 'body ad- 
vance, or recede to, or from it, equal to the pitch ; 
but in the case of water two practical adherents 
are to be observed — viz., elasticity and friction; 
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thus the difference of the progress of the ship, in 
proportion to the progress of the screw, is termed 
the slip. The ratio of slip to the theoretical pro- 
gress of the screw is not even ; foulness of the 
bottom of the ship, state of the weather, and ve- 
locity, all determine the loss of speed and slip. 

Speed of screw per minute = pitch of screw x 

number of revolutions per minute of engine. 
Theoretical speed of ship in knots per hour = 
speed of screw in feet per hour 
6080 = Admiralty knot in feet 
Loss of spe^d or slip of screw = theoretical speed 

of ship minus actual speed of ship. 
Actual speed of ship = speed of screw minus slip. 

To ascertain the actual pitch, required at a given 
speed of the ^crew, to produce a given speed of the 
ship, the rule will be as follows : 

Pitch of screw in feet = 

actual speed of ship in feet per hour 
number of revolutions of screw per hour x .9 to .75 

This rule allows a slip or loss of speed of 10 
to 25 per cent., 20 per cent, being the average for 
war ships. 

The following table of the nominal HP req- 
uisite for screws of given diameters, is deduced 
from the best results of the present day : 
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Nominal 
HP collect- 
ively. 


Diameter 

of 

Screw. 


Pitch- 


-Variable. 


Nominal HP 

per foot <tf 

Screw *8 Dia. 


60 


ft. in. 

6 


ft. in. 
1 5 


to 


ft. in. 

9 


10.0 


100 


8 


10 




12 


12.5 


150 


10 


13 




15 


15.0 


200 


11 


14 6 




18 6 


18.18 


300 


14 


It 6 




21 6 


21.42 


400 


16 


20 




24 


25.0 


500 


18 


20 6 




24 6 


2T.TT 


600 


18 6 


21 




25 


82.43 


800 


19 


22 6 




2t 6 


42.1 


900 


20 


23 




30 


45.0 


1000 


2] 


24 




32 


4t.61 



Griffith's Patent Screw Propeller. 

The object *of this screw, being of a variable 
pitch, is to ascertain the greatest speed obtainable at 
a given pitch, being a ratio to the displacement and 
shape of the ship ; the centre of this propeller is 
globular in shape, into which each blade is secured 
and adjusted. The following rules and Table will 
be found of practical utility. The rule given for 
the length of the boss may be deviated from if 
required : 

RULES. 

_^. ^ - diameter of screw 

Diameter of boss = ttt — a 

8 to 4 

Length of boss = diameter of flange + J diameter 
of. sliank, in some cases diameter of boss. 

Diameter of flange of blade = diameter of boss x 
.5. 
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diameter 
Thickness of flange at edge = — ^ — 

Lap of blade on boss beyond flange =| of an inch 

per foot of diameter of screw. 

diam. of screw 
Width of blade at widest part = « 

-rrr. , , « , ^ -. • diamctcp of screw 
W idth of blade at pomt = ^ 

Thickness of blade at root = J of an inch to each 

foot's diameter. 

Thickness at point = J of that at root. 

Diameter of shank = diameter of boss x .25. 

. _ , Til diameter of boss 
Metal around si\jink = ^^— — ^. 

AO to /i4: 

Metal beyond flange and cotter = /^ of depth of 

cotter. 

Width of main cotter = diameter of shank x .5. 

_- . - n . • diameter of shank 
Thickness of mam cotter = ^ 



Thickness of feathers in boss = 



Width of small cotter = 



40 
diameter of boss 



Thickness of small cotter = 



. 20 
width 



2 

Angle in side of wedge box = 7 J degrees. 
Metal in cheeks where cotters enter = 

diameter of boss 
40 
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Thickness of plate over wedges = 

diameter of boss 

Blades of screw to curve forward J inch, to each 
foot of diameter of screw, from face at root> 
curved commence at centre of blades. 

The shape of the blades of this propeller is 
that of a pear having the ends cut oflF, the small 
end being the extremity of the blade, the larger 
end has cast on it a solid bearing, termed the 
shank, which fits into a cavity cast in the main 
boss, this bearing is secured by a cotter ; the angle 
of the blade to produce the given pitch, is regu- 
lated* by wedges, these are prevented from be- 
coming loose by a plate, secured by nuts on the 
end of the main cotter ; the blade is still further 
secured by bolts and nuts, passing through the 
flange, and a provision in the boss ; the holes in 
the latter are a parallelogram, curved, the radii 
being from the centre of the boss to the centre of 
the bolts ; the length of the holes are of course due 
^ the angle the blade is required to assume. 
The following Table is taken from practice : 
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Banjo, or Lifting Frame. 
This frame consists of two plummer blocks to 
receive the propeller, with caps, connected to the 
upper or cross part, which is cast hollow in two 
parts, having within them two pulleys to lift 
the frame, a lever stop, and a safety catch ; the 
latter works in perpendicular ratchets, secured 
to the hull of the ship on each side of the screw 
opening or well ; the ratchet also forms a guide 
for the frame during the action of lifting; the 
use of the safety catches is, in the event of lower- 
ing the propeller, should the rope or any other 
part fracture, the catches are instantly allowed 
to act, consequently prevent the fall of the pro- 
peller and frame. The use of the lever stop is to 
prevent the propeller from deviating from the per- 
pendicular line* during its ascent, also when it is 
not required, or the ship under sail. For small 
engines, up to 200 HP collectively, the plummer 
block cap is connected to the cross part by a rod 
keyed on a bush, cast on each cap. For engines 
above this power, the cap and cVoss part are in* 
one casting, the connecting part being hollow in 
section as a box girder, open at the part facing 
the ratchet. The cross part for small engines, is 
usually ribbed between the provision for the 
levers, stop, and safety catches, the attachment of 
the rope or chain to the frame being to a ring, 
secured to the frame by a pin, the position of 
which should be so that during the process of 
9 
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lifting, the weight will be equally distributedi 
thus ensuring a free ascent. 



Frame por Small Engines. 

Diameter of lifting ring pin = 1 J inch as a mini- 
mum for a ^crew 4 feet in diameter, increasing 
in diameter from this j^ of an inch per foot of 
screw's diameter. 

Thickness of sides and top of cross part of frame 
(the lower part being open) ^ f to J an inch. 

Width of ends and sides = width of T coupling. 

Area of lifting ring = area of lifting pin x .5. 

Diameter of stay rods, connecting cross part of 
frame to cap of bearing block = diameter of 
lifting ring pin. 

Depth of ends of cross part = width x 2. 

Depth at centre = depth at end x 1.75 to 1.5. 

Diameter of boss on caps = rod's diameter x 1.6. 

Depth of keys ^= rod's diameter. 

' , . _ ^ _ rod's diameter 
Thickness of keys = j- 

Thickness of brass of cap and bottom = 
diameter of bearing of screw 
5 to 7 
Area of bolts in one cap (4) = area of lifting pin 

X 1.5 to 1.3. 
Depth of bosses = diameter of bolt x 1.5. 
Length of bearing = diameter of bearing x 1 to .8. 
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Brass Frame for Large Engiiibs above 200 

HP collectively 

This class of frame and cap, as before stated, is 
in one casting. 

Diameter of lifting pin = 3 inches for engines 

200 HP collectively, having an increase of f of 

an inch per foot of diameter of screw above 14 

feet. 
Thickness of body of frame = J to | of an inch. 
Width of sides of frame = width of T coupling 

of screw propeller. 
Depth of cross part, midway from centre, to sides 

= width of sides x 2.25. 
Depth at centre = width of side x 3. 
Diameter of rope pulley at bottom of groove ^ 

one inch per foot of screw's diameter. 
Thickness of body = J to ^ of an inch. 
Diameter of boss = diameter of pinx 1.5. 
Width of groove ^ diameter of lifting pin. 
Diameter of pin screw for stop lever = diameter 

of lifting pin x .6 to .5. 
Diameter of screw for adjusting stop lever = 

diameter of lifting pin x .7 to .6. 
Depth of stop lever at centre = diameter of lifting 

pin X 2 to 1.75. 
^ Thickness of stop lever = depth X .5 to .4. 
Depth of stop lever at boss and clutch = depth at 

centre x .5. 
Diameter of catch pin = diameter of lifting pin X 

.7 to .6. 
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Diameter of boss for catch pin = diameter of pin 

x2. 
Taper of catch = 2 inches per foot. 
Thickness of catch at point = depth at point. 
Thickness of bottom of bearing block and cap = 

diameter of bearing 
4 to 5 

When strips of lignum vitse are used, there 
should be a separate tube (in halves) inserted in 
the blocks, with provisions for fitting and securing 
the wood and tube. 

Thickness of tube = J to | inch. 

Thickness of each strip of lignum vitae = J inch 

as a minimum^ IJ as a maximum. 
Width of strips = thickness x 3 to 2.5. 
Thickness of metal between strips = thickness of 

tubex 1.6 to 1.5. 
Total area of bolts in one cap (4) = area of lifting 

pinx 1.35 to 1.2. 



Stern Bracket. 

Thickness of metal = that for lifting frame >< 1.25. 
Diameter of securing bolts = thickness of metal 

X 1.25. 
Proportion of lignum vitse strips as before. 
Pitch of safety ratchet = 2J to 4 inches. 

The means on deck for lifting the propeller 
and frame is by a capstan, shear legs, and rope 
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or ch,ain. The screw frame, when lowered, is re- 
tained in its position rigidly by a piece of wood, 
resting in cavities cast or secured on ^the frame ; 
this piece of wood Is from 5 to 10 inches square, 
the top part being secured by a screw or wedge ; 
the former being the better mode. 



OSCILLATING ENGINES. 

The use of these 'engines for marine purposes 
has been proved to be applicable for the paddle 
wheel, but the excessive friction (caused by the 
vibration of the cylinder) on the piston rod, also 
that of the trunnions, render it necessary that the 
piston rod and crank shaft have larger propor- 
tions, than for engines adapted for the screw. To 
equalize the motion of the oscillating engine on 
either side of the centre line, the slide valves and 
casings are two in number, one on each side of the 
cylinder ; the valves are worked by levers hung 
on pins secured to the cylinder ; one end of each 
lever is attached to its respective slide valve, and 
the other ends are secured to sliding blocks, which 
work in a shifting quadrant. By this arrangement 
the motion of the slides, derived from the' eccen- 
trics and the crank shaft, are very little (if scarcely)' 
aflfected by the motion of the cylinder ; in some 
cases the slide valves are worked by a single 
eccentric to each cylinder; the eccentric being 
loose on the crank shaft, assumes its proper angle 
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for astern, or ahead, by a catch or stud, secured in 
• the crank shaft ; the catch works in a channel 
in the boss of the eccentric for a given length of 
arc ; a counter-balance is secured to the eccentric 
BO as to cause the same to be on the perpendicular 
line, when its rod is released. A better plan for 
working the slide valves is the locomotive valve . 
link motion, already described for engines adapted 
for the screw, although the action of the doubli 
eccentrics, when the link is introduced, is not so 
sudden as that of the single ; but the means for 
ensuring accuracy of the stroke of the valve, on 
reversing the engines, is reUable by the adoption 
of the link; it is practically essential to secure 
the engines ais near the keel of the ship as possi- 
ble ; the angle of the piston rod should never ex-' 
ceed 70°. The following rules will produce the 
practical results of the present day : 

Nominal HP. 

The following Table will enable the area of the 
cylinder to be easily obtained : 

HP for one Number of square 

cylinder. inches per HP. 

20 to 80 = 33 to 24 1 ^hen the stroke 

90-150=23.8 *' 22 I = the diameter of 

18.0 -300 = |;.8Y - 20 ^ the cylinder. 

350 "500 = 19.8Y •*' 19 I 

The area to be increased or decreased in propor- 
tion to the stroke. 
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Length of Stroke. 

The stroke of the engine is due to the depth of 
the ship, displacement, etci; the usual proportions 
to the diameter of the cylinder = diameter of cyl- 
inder X .8 to 1. 



Thickness op thr Metal of Cylinders. 



HP coUeot- 
iyelf. 

40 

100 

150 

200 

300 

400 

600 

600 
• 800- 
1000 



Diameter of 
each Cylinder, 
in. 

29 

40| 

48f 
54^ 

61| 
Y4i 

811 

100 
110 



Length of 
Stroke, 
ft. in. 



2 
3 
4 
4 
6 
6 
6 
1 



6 
6 

6 


6 




8 

9 



Thickness 
Metal. 

» 

i 
1 

n 

If 
If 

to .75. 
cylinder x 



or 



e" 

a 

CD 
I 

cr 
o 

2. 

5* 

OK? 



Area of steam port supply = HP x 1 

Length of steam port = diameter of cylinder x .6 

to .4. 
Diameter of valve lever pin = diameter of slide 

rod X 2. 



The remaining proportions fo%steam ports, slide 
valve, casing, rods, eccentrics, links, and pins, are 
as for screw engines. 
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Piston Eod. 

Approximate length = stroke x 1.75. 

, diameter of cyliuder 

Diameter of piston rod = 5— — :^ 

^ 8 to 10 

using the latter in large cylinders and short 

strokes. 
Total area of cap bolts (2) = area of piston rodx 

.5. 
Thickness of cap and head = diameter of bolt. 
Diameter of cap socket = diameter of piston rod 

at socket X 1.5. 

__, . , . ' diameter of crank pin 

Thickness of brasses = ttl — 5 

6 to 8 

Depth of key = diameter of piston rodx 1 to J5. 

_„ . , ^ ^ diameter of piston rod 
Thickness of key = -r — - 

Diameter of stuflBng box of piston rod = diameter 

of rod X 1.5. 
Depth of stuflBng box = diameter of rod. 
Depth of bush = diameter of rodx 2.5 to 2. 
Thickness of bush = J of an inch as a minimum, 

increasing y'^ of an inch per 3 inches of rod's 

diameter. 
Depth of gland = depth of stuflSng boxx A to .5. 
Thickness of metal of stufl&ng box = thickness of 

gland. 
Diameter of oil omp = diameter of gland. 
Depth of oil cup = thickness of gland x 2. 

The remaining proportions of the covers, 'man 
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hole, piston, studs, and bolts, etc., are as for screw 
engines. 



Trunnions and Steam Passages. 

Area of steam passage^ area of one exhaust 

port. 
Width of steam passage = width of one exhaust 

port. 

area 
Length of passage = ^^r^ 

Thickness of metal of passage = thickness of body 

of cylinder. 
Area of steam opening in trunnion = area of one 

exhaust port x 2 as a minimum. 
The steam pipe is often of gun metal J to f of an 

inch in thickness. 
Length of bearing of trunnion = diameter of valve 

steam opening x .5. 
Thickness of gland = J inch as a minimum for a 

pipe 6 inches in diameter, increasing J inch per 

6 inches of diameter of pipe. 
Thickness of metal of trunnion at neck ^ thick- 
ness of cylinder X 3 to 2.5. 
Thickness of trunnion of stuffing box = thickness 
^ at neck x .7 to .5. 
Thickness of flange of trunnion = thickness at 

stuffing box X 1 to .75. 
Depth of stuffing box = diameter of steam pipe X 

.6 to .4. 



106 buboh's practical bulks fob 

^ , ^ , , depth of stoffins: box 
Depth of gland = -^ « 

Diameter of gland studs = f to 1 J inch. 
Pitch of studs in gland and flange of pipe ^= diam- 
eter of studs X 7 to 10. 
Thickness of brasses for trunnions = thickness of 

stuifing boxx .8 to^.6. 
Thickness of cap (cast iron) ^ 

diameter of trunnion 
3to"5 
Thickness of cap (wrought iron) = 

diameter of bearing 

6to8 

Total area of cap bolts (2) = area of piston rodx 

.6 to .5. 
Diameter of securing bolts = diameter of cap 

bolts. 
Thickness of metal under trunnion brasses = 
thickness of cast iron cap. 



Condenser. 

Cubical contents of condenser for two cylinders 
cubic contents of one cylinder x 1.5 

6 to 7 



Air Pump Vertical Action. 

Cubical contents of air pump, single acting, when 
one is used = that of condenser. 
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Cubical contents of one air pump, single acting 
when two are used = 

cubical contents of one cylinder 

6 to 7 

Stroke of air pump = stroke of engine x .5 to .4. 

Area of suction valves in piston = effective area 
of pumpx .3 to .25, or as much larger as prac- 
tical. 

Diameter of connecting rod = 

diameter of air pump 

7 to 9 " 

Diameter of pin for piston = diameter of connect- 
ing rod. 

Thickness of trunk at neck = J to | of an inch, 

slightly tapering at the extremity. 

^ , - „ , - "^ - diam. of trunk 
Depth of stuffing box for trunk = -j— — ^ 

4. to O. 

D^th of gland = depth of stuffing boxx .6 to .7. 

,_-.., « 1 , diameter of trunk 
Thickness of gland = ^— — :rK 

Area of one cap bolt = area of connecting rod x 
.25. 

-,,,., rt 1 . 1 diameter of rod 
Thickness of keying socket = s 



* , Crank Shaft. 

Diameter = diameter of piston rod x 1.8 to 1.6. 
Length of bearing = diameter of bearing x 2. 
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Crank Pin. 

Area = area of piston rod x 1.5 to 1.4. . 
Length of bearing = diameter x 1.5. 



Cranks. 

Depth of shaft's eye = shaft's diameter. 

Depth of pin's eye = diameter of pin. 

Extreme diameter of eye = diameter of holex 

1.66. 
Sectional area of each web of crank = area of 

bearing X .75. 



Disengaging Gear. 

The usual mode adopted by engineers, for dis- 
engaging the paddle shaft from that of the engine 
is by a disc, surrounded by a ring connected to 
the crank pin, which ring is rendered stationary 
on the disc by a key, between the dtsc and crank 
pin ; this mode is cumbersome, and the liability of 
the ring to expand by the action of the key, tends 
to throw undue strain on the crank pin. The 
author therefore advises that the crank pin and 
shaft be connected by a strap and key similar to 
that of connecting rods ; by this means the strain 
from the shaft to the crank pin will be perma- 
nent. 
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Lower Frame. 

The use of this frame is to secure the trunnion 
plummer block of the cylinder, the frame being 
connected to the condenser by studs 6t bolts. 

Thickness of metal of frame = 1 to 1 J inch. 
Depth of frame is not imperative, but a good rule 

is piston rod's diameter x 2. 
Diameter of securing studs = thickness of metal. 



Entablature. 

Total area of cap bolts (2) = piston rod area x .7 
to .6. 

Thickness of cap (wrought iron) = diameter of 
securing bolt. 

Thickness of cap (cast iron) = diameter of secur- 
ing bolt X 1.5. 

^, . , ^ , aiameter of crank shaft 

Thickness o* brass = 77- — -7^ 

o to 10 

Thickness of metal of body = f to 1 J inch. 

Thickness of solid sides of frame = that of the 

body X 2. 
Diameter of flange bolts = 1 J to 2 inches. 
Thickness of flange = thickness of body x 1.3. 
Depth of solid sides = diameter of bearing x 1.25. 
Depth of frame beyond brass of bearing = diame- 
" ter of bearing x 1.5. 
Thickness of metal under brass = that of solid 

sides X 2 to 1.5. 
J 10 
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Area of each supporting stay rod (2 to each bear- 
ing of crank shaft) = area of piston rodx.4 
to .3. 

The entablature is adjusted by screwed keys, or 
wedges and nuts ; when cast iron cross stays are 
used, the area of the stay rods may be slightly de- 
creased. The remaining proportions for the os- 
cillating engines are as for screw engines. 



Paddle Wheels. 
The propulsion of ships, by this means, is the 
same in principle as the common boat-oar used by 
hand. The proportions of the floats of paddle 
wheels are of course due to the displacement of 
the vessel. The following rules are compiled 
from practical results and may therefore be re- 
lied on : 

, ^ n draft of vessel' 

Immersion of floats to centre = x— — ^ 

2 to o 

Use the former for shallow, and the latter for 
de6p drafts. 

Two to 2 J floats should be immersed for river 
steamers, and 4 to 5 for sea-going ships. 

Diameter of paddle at centre of floats = depth of 
immersion to centre of floats x 5 to 7, using the 
latter for high speeds and shallow drafts. 

Width of float = depth of immersion to centre of 
float X 1 to .75, using the latter for river steam- 
ers and shallow drafts. 
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Pitch of floats = 2 to 1.5 of the width, but the 
number determined on to be immersed will be 
the best principle to ascertain the pitch. 

Nominal HP requisite for each paddle wheel = 
total area in feet of the floats immersed x 1.3 to 
2. Use the latter for sea ships. 

The area of each float = area of longitudinal im- 
mersed section of wheel, to pitch line of float 
X .7 to .8, using the latter for deep immersions. 

area 
Length of each float = — rTzr 



Details of Feathering Paddle Wheel. 

diameter of pitch line 

Dia. of arm centre = 5-^- — ;, 

3.5 to 4 

r^ . , n 1 p 1 diameter of shaft; 

Thickness of metal of boss = 7— — ^ 

4 to 5 

Length of boss = diameter of shaft x 2. 

Diameter of eccentric shaft; = diameter of crank 
shaft; X .6 to .4. 

Thickness of Sushes = J to J of an inch. 

Area of lever shaft; = 1 square inch per 5 to 7 
square feet of float,. using the latter for narrow 
floats. 

Area of lever pin = area of lever shaft x .7 to .8. 

Diameter of radius rods = diameter of lever pins. 

Thickness of metal of eccentric = J of pin's di- 
ameter. 

Diameter of boss of eccentric shaft bracket = di- 
ameter of eccentric shaft; x 2. 
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Width of paddle wheel rings = diameter ol lever 

shaft as a minimum. 
Thickness of rings = width x .3. 
Position of rings from ends of floats = 

length of float 



Starting Gear for Screw and Padplk 

Engines. 

Marine engineers seem to have a diversity of 
opinion, as to the mode and proper position of 
this gear. Usually the starting wheel has from 
6 to 8 handles, equidistant on the periphery of the 
rim; the wheel is keyed on the end of a shaft 
having a worm at its opposite extremity, which 
worm gives motion to a toothed segment, keyed 
on a weigh shaft centrally, at each end of which 
are levers, connected by a rod to tTie slide valve 
link; this is very powerful, and universally 
adopted. The next arrangement of gear is a 
wheel and shaft as above, having* keyed on the 
weigh shaft a spur pinion, which imparts motion 
to a spur segment ; this motion being conveyed to 
the link as before stated. This last arrangement 
is certainly of a more simple character than the 
former, but the spur gear necessitates a friction 
stop on the hand wheel shaft, to prevent the 
latter from turning during the motion of the 
engines. The next, and most modern arrange- 
ment, is a mitre wheel keyed on the starting 
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wheel shaft ; the former gears with another on the 
end of a rod, having a coarsely pitched screw 
chased on it ; the screw works in the boss of the 
•last mitre wheel, which revolves' on the hand 
wheel giving motion to it, consequently causing 
the ascent or descent of the screw rod, which is 
connected to the valve link in the usual manner ; 
in some cases the link rod is connected to a sliding 
block, which receives motion from the screw ; the 
rod revolving thus gives motion to the link. 
These two latter arrangements are generally 
adopted for cHgines above 300 HP collectively, 
the two former beiug for engines of all classes and 
power. 



Position. 

The position of the starting wheel by many 
makers is on the top of the condenser, the wheel 
shaft being geared with the weigh shaft of the 
spur segment; this latter shaft revolves in pro- 
visions secured either to the main frames or the 
cylinders. This arrangement (should the start- 
ing gear be disabled by shot when in action or 
otherwise) entails danger and great practical diflS- 
culty in stopping or reversing the engines. To 
Messrs. Humphrey and Tennant is due the origin 
of placing the starting wheel at the side, instead 
of the top of the condenser, which of course pre- 
vents the exposure the usual plan is liable to. 
The author therefore recommends that the start- 
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ing wheel both for screw and oscillating engines, 
should be as near the bottom of the ship as pos- 
sible. 

.The following rules for starting gear are de^ 
duced from practice : 

Diameter of wheel at centre of handles = 2 feet 6 

to 8 feet 6 inches. 
Height of centre of handles from starting platform 

= 3 feet 6 inches. 
Length of handles =4 J to 6 inches. 
Diameter of handles at neck = 1 inch. 
Diameter of handles at extremity = 1 J to If of 

an inch. 
Diameter of bosses for handles = diameter of 

handles at neck x 2. 
Thickness of rim of wheel = diameter of handle 

bosses. 
Depth of rim =thickness of rim X .75. 
Width of arm at rim = depth of rim. 
Taper of arm J inch per foot. 
Diameter of wheel shaft = diameter of slide valve 

rod. 
Diameter of boss for shaft == diameter of shaft 

x2. 
Diameter of weigh shaft of spur segment = diam- 
eter of wheel shaft x 1.25. 
When two starting wheels are used, the area of 

each shaft == the area for 1 wheel x .75. 
Eatio of pinion or worm to segment = 4 or 6 
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Pitch of teeth in inches = diameter of slide valve 
rod X .8 to .5, using the latter 'for the greater 
ratio. 

Pitch of ^teeth of mitre wheels (gtin metal) = di- 
ameter of valve rod x .4 to .8. 

Diameter of screw rod = diameter of slide valve 
rod X 1.4 to 1.25. 

Width of sliding block = diameter of screw rod 
X 1.5. 

Length of sliding block = diameter of screw rod 
x2. 

Pitch of screw = diameter of screw. 

Diameter or area of link connecting rod = that 
of valve rod. 

Diameter of lever weigh shaft = diameter of slide 
valve rod x 1.5 to 2. 

Turning gear for paddle engines is generally a ' 
toothed ring of wrought iron, secured to the outer 
ring nearest the side of ship ; this toothed ring is 
set in motion by a pinion keyed on a shaft, the 
latter being worked by a handle on the main 
deck. 

Pitch of teeth 1 to 2 J inches. 

Diameter of pinion shaft = pitch of teeth. 



VALVES. 
Kingston Valves. 

This valve is used to allow the sea water to 
flow into the condenser, bilge, or boilers. 
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Diameter of valve = 2 J to 9 inches, but from 4 to 
6 inches is the most practical to keep water- 
tight, and secure to the bottom of the ship. 

_ _ _ , diameter 

Depth of valve = -77- — 5- 
^ 2 to 3 

difHTLetei* 

Thickness of valve = -5— — 5- 

o to o 

Diameter of valve-guide's spindle = 

diameter of valve 

5 to 7 

Taper of side of cone inserted in ship = 2 to .8 

in 12. 
Position of guard = length of cone beyond valve 

X .5. 
Depth of guard = depth of valve. 
Length of guide of valve spindle should allow the 

valve to open J of the valve's diameter. 
Thickness of guard = J as a minimum for guards 

3 inches in diameter, increasing, above this, J 

of an inch per 2 inches of diameter; 
Diameter of valve rod = J to y^g of an inch per 

inch of valve's diameter. 
Thickness of body of Kingston = | as a minimum 

for 2 J inches in diameter, increasing, above this, 

J to T^g of an inch per' inch of diameter. 
Diameter of clip studs = diameter of valve rod 

X .75. 
Depth of clip = diameter of valve rod x 1 to .75. 
Length of handle 6 to 10 inches. 
^Diameter of handle 1 to IJ inch. 
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The proportions for the staffing box, gland, 
studs, and flange, are as those for the engine. 



Cylindeb" Belief Valve. 

The use of this valve is to allow the egress of 
the condensed steam or water, 'from the cylinders 
when requisite, in the case of an inundation in 
the latter, either from the priming of the boilers 
or starting of the engines ; the spring of this valve 
is either released, to allow a free exit from the 
cylinder, or by a cock between the cylinder and 
the under side of the valve j the latter seems to 
be preferable, and is universally adopted. The 
author has devised a relief valve which dispenses 
with the cock and yet retains its practical valn^ 
by the following arrangement. The spring valve 
is perforated to receive an India-rubber disc valve 
on its outside; on the inside a provision is cast, and 
turned to receive a common solid brass disc valve, 
which, on being pressed inwards, allows free exit 
for the steam and water, and on a vacuum being 
in the cylinder, the India-rubber disc valve closes, 
and covers the perforations air tight ; on the re- 
turn action of the piston,, the India-rubber valve 
again opens ; on closing the solid brass valve, the 
perforations are rendered non-effective, and the 
spring valve becomes a solid disc valve, of the 
usual kind, but dispensing with the cock or re- 
leasing screw as before alluded to. This improve- 
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ment is fully shown in the author's practical illus- 
trations. 

Area of relief valve for each end of cylinder = 
one square inch per square foot of area of 
cylinder. 

Diameter of spring should be as large as the valve 
will admit of, for valves 4 inches in diameter; 
beyond this, the diameter of the spring == diam- 
eter of valve x .8 to .75. 

Sectional area of each coil of spring = .25 of a 
square inch per 8 inches of the spring's diam- 
eter ; this of course depends on the pressure of 
the steam, the present rule being for a pressure 
of 20 lbs. per square. inch. 

Number of coils 4 to 6. 

Space between coils = diameter or side of square 
of coils X 1.3 to 1. 

^, . 1 /, I diameter of valve 

Thickness of valve = ^ x 

6 to o 

-r^. , n '^ . -,, diameter of valve 

Diameter of valve spindle= ^— — = 

^ 5 to 7 



Expansion Valve. 

In cases where steam is used expansively, a 
valve has to be introduced, between the slide and 
throttle valves, thus regulating the steam, or cut- 
ting it off, at a given portion of the stroke of the 
piston. Makers of marine engines, as a rule, with 
an exception or two, have different ideas as to the 
proper kind of expansion valve, and mode of 
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working the same. The following will be a 
statistic of those worthy of notice : 

First, the old variable cam, correct in principle 
and action, with the common throttle or slide 
valve.; secondly, the eccentric, as a medium to ob- 
tain motion, with its grid-iron or cross-barred 
valve, common slide valves, single and double 
beat valves, sliding circular port valve, with its 
slotted adjusting lever, pins, etc. ; thirdly, spur and 
mitre gearing, deriving its iriotion of course from 
the crank shaft, with square, round and oval 
valves, also revolving circular ported valves. 

The correct principle to be adhered to, in the 
expansion valves is, that friction should be dis- 
pensed with as much as possible, so that the action 
Ije not impeded; consequently the lesser the 
amount of mechanical means introduced to gain 
the action of the valve the better ; spur and mitre 
gearing involve a great amount of friction, but 
direct in action ; the eccentric motion is uncertain, 
unless the valve be neutral during a portion of the 
stroke ; tjjis last is fully illustrated in the author's 
Practical Illustrations. 

The cam motion is undoubtedly the best when 
the common slide, throttle, or double beat valves 
be used. The proper lead for the slide valve is 
dubious, but practice teaches j\ to ^^ of an inch, 
using the latter for high speeds. The points for 
cutting off for expansion are various, six points 
or grades during the travel of the piston being 
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available, but the chief guide is the pressure of 
the steam, as the higher or greater the pressure, 
the more the powers of expansion. In some cases 
cylinders have a steam space or jacket, which is a 
belt cast around' the whole length of the cylinder 
from the sides of the valve facing and steam pas- 
sages; within this space steam is admitted, ex- 
hausting into the expansion valve casing or 
casings, as the case may be ; this retains the heat 
of the cylinder, which produces a greater expan- 
sion ; in some cases the steam is exhausted into 
the jacket and thence to the condenser. Although 
this distribution of the steam may be correct in 
theory, in practice, with a moderate pressure, the 
gain in power, speed of ship, and reduction in the 
consumption of fuel, is not so startling as might 
be expected, and unless high pressure steam be 
used, say 45 to 50 lbs. per square inch, the expan- 
sive power will not produce a saving of fuel, ac- 
companied by power, wprthy of attention and pro- 
ductive of economy. 

. # 

Surface Condensation. 

This mode of condensing is by the contact of 
the steam with a surface of metal, either flat or 
curved, the latter being universally used in the 
shape of tubes ; a continuous stream of cold water 
passing through them, retains the constant cool- 
ing powers by which the steam is condensed; 
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copper, muntz, or gun metal are the best con- 
ductors of heat and cold. The arrangement of 
the tubes and modes for circulating the water is 
various. Many makers prefer the tubes fixed 
horizontally in sets over each other, having the 
water circulated through the lower set, after 
which through the higher or top set. This ar- 
rangement is compact and effective ; the water is 
forced through the tubes by a common pump, 
either single or double acting, a good arrange- 
ment being to drain the condensed steam at one 
end, and force the circulating water at the other ; 
thus one pump is sufficient for the duty required. 
In some cases a double acting pump is used to 
drain the condenser, and the circulating water is 
forced or drained by a centrifugal pump; this 
entails a separate engine to drive the same, as a 
high velocity has to be continuq;^sly maintained. 
In some cases the tubes are vertical. The fol- 
lowing proportions for the cooling surface, cubic 
contents of pump, and area of valves, will be 
found practically correct, being deduced from 
the best results yet attained : 

Area of cooling surface of tubes = HPx 12 to 7, 
the former being a maximum for 100 HP, and 
the latter a minimum for 1000 HP. 
Cubical contents of air pump, single acting = 
cubical contents of cylinder 
"! 12 to 16 

11 
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Area of valves for circulating water = area of 
pump X 1.3 to 1.25. 

Area of valves for condensing steam = a(rea of 
pump X .6 to .5. 

External diameter of tubes is usually one incL 

Thickness of tube J of an inch. 

Length of tube 7 feet as a maximum. 

Thickness of tube plate = diameter of tube. 

The number in one plate = 1000 tubes as a maxi- 
mum. 

The plate should be stayed every square foot as 
near as practice will admit of. 

The modes of rendering the tubes air-tight 
when secured in the plate, but at the same time 
capable of being readily removed, are multitu- 
dinous; the best mode for securing horizontal 
tubes is by a ring of India-rubber to each tube, 
the latter protrudes from the plate f to IJ inch, 
the rings fit in the recesses which are cast 
around each tube, on the outer side of the plate, 
and on a vacuum being caused in the condenser, 
the India-rubber rings render the tube joints air- 
tight, whilst the increased length of the tubes 
allow a free expansion of material. In perpen- 
dicular tubes, the upper and lower ends are 
secured with a nut and India-rubber ring,, whilst 
the expaAsion is efiected by the elasticity of the 
ring. 
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Exhaust Water Yalve. 

This valve is secured to the side of the ship 
beiow or at the load water line; the valve is a disc 
of gun metal, with 3 ribs, or a spindle as a guide, 
the means of raising the valve is by a rope and 
pulley, or block secured to the coal bunker 
plates, or deck of ship, this being preferred to a 
screw, being^more instantaneous in its action for 
raising or lowering the valve. The body of the 
casing has cast on its lower end, or that at right 
angles with the secured part, a stuffing box, to 
allow for the expansion of the exhaust water 
pipe. 

Internal area of casing = area of extreme diam- 
eter of valve X 2. 

Thickness of casing gun metal = f of an inch for 
casing 12 inches in diameter, increasing J of an 
inch per 6 inches of diameter. 

Thickness of casing (cast iron) = thickness of that 

for gun metal X 2 to 1.75. 

,^ . - - , diameter of valve 

Thickness of valve = ttt- — =-= 

10 to 15 

_ . ^ „ . . -, diameter of valve 
Diameter of valve spindle= ^— — ^n 

Proportion of the stuffing box, gland, cover, 
flanges, and studs, as for steam cylinder. 



DONKEY ENGINE. 
This engine is, to the engineer, what a reserved 
ntlmber of soldiers is to a general of an army; 
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in both cases each, is only required in a case 
of emergency.. The arrangements of a donkey 
engine is usually a cylinder, secured perpendicu- 
larly over the pumps, having a slotted cross 
head, to give motion to the crank shaft and fly 
wheel ; the use of the latter is to assist the action 
of the plunger; each side of the cross head is 
keyed or bolted to the rods of the cylinder and 
pump, the steam cylinder is supplied with steam 
from the boilers, and either exhausts into the con- 
denser or funnel. 

Cubic contents of the pump = cubic contents of 
feed pump for one engine as before deduced x 
1.5. 

Stroke of pump = diameter x 1.25. 

The remaining proportions of the pump and 
valves are as for that of the engine. 

Area of steam cylinder = area of pump x 1.5. 

The remaining proportions of the engine are as 
for high pressure engines. 



LAND AND MAEINE BOILEES. 

Land Boilers. 

The best kind of boiler is that known as the 
Cornish or flue boiler. The following tables and 
rules will enable the practical proportions to be 
easily obtained : 
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Nom. 
HP. 


Nnmber of 

Squure Feet of 

Heating Surface 

per HP. 


Divisor. 


Length. 


Diameter 

of 

Boiler. 


Diameter 

of 

Tube. 








ft. in. 


fti in. 


ft. in. 


10 


12.315 


1.22 


11 


4 3 


2 H 


12 ' 


12.3 


1.91 


18 6 


4 6 


2 3 


15 


11.96 


s.n 


20 


5 


2 6 


20 


11.3 


9.493 


23 6 


5 6 


2 9 


25 


10.98 


10.32 


26 6 


6 


3 


30 


10.21 


10.83 


28 6 


6 3 


3 1^ 



Length of boiler = 

• Total heating surface of boiler 
divisor as per table 
length 



Diameter of boiler = 



4 to 4.5 

diameter of boiler 



Diameter of single tube = 

Depth of water line from top of boiler = 

diameter of boiler 



Height of water line from top of tube = 

diameter of boiler 
12"^ 
When two tubes are used in the boiler, their 
position from top of boiler must be as for a single 
tube. 

Diametrical length of flues = diameter of tube. 
Heating surface of tubes = total surface of tube 

= .5. 
Heating surface of bottom flue = total surface of 

boiler exposed in flue. 
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Heating surface of side flues = surface of bofler 

exposed in both side flues x .5. 
Grate or fire bar surface = 1 to f of a square foot 

per HP. 

A n . 1 r. ^^ of grate surface 

Area of side flues = ^-r— 

4 

Area of bottom flue = area of side flue. 

Width of bottom flue = diameter of tube. 

aTea 

Width of side flue = t-— nr 

length 

_ , ^ « , n area of grate surface 

Length of fire bar of grate = diameter df flue 

Height of bridge = f of diameter of flue. 

Area of safety valve = 1 to .75 square inch per 

HP of boiler. 

, ., diameter of boijer 
Length of lever = ^ 

Weight in lbs. on end of lever = 

pressure against the valve in lbs. x by distance 

from centre of valve to centre of suspension 
distance from centre of suspension to centre of 

weight 
Pressure on valve in lbs. = 
weight in lbs. on end of lever x length of lever 

from centre of suspension to centre of weight 
distance from centre of valve to centre of sus- 
pension , 
Distance from centre of suspension to centre of 
length of lever 
^^^^= 9 to 10 
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Pressure in lbs. per square incli = 

pressure in lbs. on or against the valve 
area of the valve in square inches 
Pressure on or against the valve in lbs. = pres- 
sure per square inchx area of valve in square 
inches. 



Marine Boilers. 

The best class of marine boilers is undoubtedly 
the multitubular, having the tubes longitudinally 
over the valve box. In cases where shallow drafts 
are imperative, and the top of the boiler must be 
below the load water line of the vessel, the tubes 
are on a level with the fire boxes at right angles. 

Total heating surface of the tubes = HP x 12 to 
10 as a minimum, for boilers above 200 HP ; 
HPx 14 to 16 as a maximum below 150 HP. 

Diameter of tuBes externally = 2 to 3 inches. 

Length of tubes = 5 to 7 feet. 

__ . ^ " total surface 

Number of tubes = — -« 7; — t- 

surface of one tube 

Eake or inclination of tubes = f to f of an inch 

per foot. 
Water space = 4 to 6 inches. 
Diameter of stays = 1 to 1 J inch. 
Position of stays at right angles above fire boxes 

= 14 to 16 inches. 
Position of stays at sides and bottom of fire boxes 

= 12 to 14 inches. 



V 
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These rules for stays are for a pressure of 20 
lbs. per square inch on the total surfece of boiler. 

Number of tubes to one fire box should never ex- 
ceed 125. *• 

Width of fire box at tube == pitch of tubes x num- 
ber of tubes transversely. 

Fire bar or grate surface = HP x .75 to .5, using 
the latter for boilers above 150 HP. 

Length of fire bar grate surface =7 feet as a 
maximum, 5 to 6 feet being generally adopted. 

"Width of fire box at grate = 

surface of grate 
length of grate surface 

Eadius for top and bottom curves of fire box = 

width of fire box. 

_ ^ ^ „ width of fire box 

Eadii of small curves = tt — ^ 

4 to,6 

Width of fire door opening 18 inches as a mioi- 
mum ; above this width the fire door opening = 
width of fire box x .875. 

Area of fire box at grate = grate surface x .5. 

Area of space abov^ bridge = 

area of grate surface 
4 

Cubic contents (in feet) of steam capacity = HPx 
2 as a minimum, and HPx 4 as a maximum. 

Height of water line above fire box at tube end = 
6 to 8 inches. 

Width of fire box at back end = 18 inches ; this 
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will allow room for closing or riveting the end 

of the tubes when renewed. 
Width of smoke box at bottom = 14 inches as a 

minimum. 
Area of openiijg in uptake = total area of tubes 

as a minimum; total area of tubes x 1.25 as a 

maximum. 

. « , . total area of ffrate surface 

Area of chmmey = • t: — ^7^; 

•^ 8 to 11 

In war ships the following should be observed : 
Top of boUer should be one foot below water 
line as a minimum; funnel to be telescopic, raised 
and lowered by two chains pn a barrel, keyed on 
a shaft, to which motion is given by a worm and 
wheel on each side of the funnel. 

Diameter of shaft = 2 to 3 J inches. 

Diameter of wheel = 18 to 24 inches. 

Pitch of teeth = 1 J to 2 inches. 

_. _ diameter of wheel 

Diameter of worm = z 

4 

Eadius of handle = 14 inches. 

In order to reduce the temperature between 
deck and the stoke hole, the ftinnel is surrounded 
by 2 casings, 4 to 6 inches of space between each, 
commencing on the main or weather d«ck, and 
terminating on the orlop or lower deck ; by this 
means a continuous current of air passes through. 
The stoke hole is further ventilated, and draught 
increased in -some cases by tubes, the tops of 
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which are tenned cowls, firom being enclosed 
semicircularly, having the opening at the side, 
the top being rotative, and its position subservient 
to the wind. 



•^Safety Valves. 

These valves are two to each boiler in one 
casing, as the action of the sea causes the ship to 
pitch or roll; consequently levers with weights 
are entirely dispensed with, the weight beiiig 
either directly over or under the valve. 
Area of valve in square inches = 

total area of grate's surface in feet 

S " 

_ . _ _ ... diameter of valve 
Diameter of valve spmdle = j 

Diameter of weight = diameter of valve x 2. 
Pressure in lbs. against the valve = pressure per 

square inch X area of the valve. 
Cubical contents of weight, including weight of 

valve and spindle = 

pressure in lbs. against the valve ^ 

_ , « . , cubic contents of weight 

Length of weight = ?; ^-ri 

° • r • area of weight 

Thickness of casing = J to | of an inch. 

Depth of guide ribs of valve = diameter of valve 

X.5. 
Diameter of lifting lower weigh shaft = diameter 

of valve spindle. 
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liongtli bf lifting lever = diameter of weight + J 
inch for clearance between weight. 

_..- - , diameter of valve 

Xift of valves = 1 

4 

Diameter of surfece blow off pipe = 2 to 4 inches. 

Diameter of bottom blow out pipe = 3 to 5 inches*. 

Between each fire box, above and below, there 

should be openings for the purpose of cleansing 

the crown of furnaces or fire box and bottom of 

boilers ; these openings should be rendered tight 

. by doors, secured by bolts and nuts. 



Superheating 

This is an arrangement of tubes surrounded by 
steam, and filled with the flame, smoke, and 
heated gases from the boiler tubes, thus heating 
or drying the steam; by this means a greater 
amount of expansion and purity of steam is ob- 
tained: The best arrangement in practice at 
present is a series of tubes vertically secured in 
plates in the uptake, but in the case of a fracture 
in any of the superheating tubes, the damper is so 
arranged that the exit from the boiler tubes can 
be effected through the opening, without passing 
through the tubes ; a set of valves and pipes are 
arranged to enable the steam, if required, to pass 
from the boiler to the engine without being super- 
heated. 
Total surface of tubes in square feet, minimum = 

HP X 3, maximum = HP x 5. 
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Diameter of tubes internally = If to 4 inches. 

The latter is the best for a quick draught, and 

the more readily cleansed. 
Thickness of tubes, wrought iron = J of an inch. 
Length of tubes are as their position requires. 

Each boiler should be fitted with a g^uge glass, 
surface blow on, blow out, supply sea, and feed 
water cocks, tubes, ash box, cleansing doors; the* 
admission of air by the ash box doors should be 
regulated by a lever and ratchet, or any other 
practical arrangement. 



Twin Screw Propulsion. 

The object of two screws at the stem of a ship 
is for steering and light draughts. The propor- 
tions of the engines, screws, and boilers, will be 
as for those already given, for the reason that 
although the screw and engines are smaller, thQ 
power required at a given amount of displace- 
ment of the ship will be the same. The remain- 
ing proportions relative to land and marine 
engines, and boilers, will be found under the fol- 
lowing head of Miscellaneous. 



MISCELLANEOUS. 

Position op Eccentrio. 

The angle of the eccentric in relation to that of 
the crank will be produced thus : 
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First. Describe on the centre of the crank shaft 
a circle equal to the travel of the slide valve. 

Secondly. Draw the centre line of the angle of 
the crank at full or half stroke. 

Thirdly. The intersection of the circle (de- 
noting the travel of the slide valve) with that of 
the centre line of the crank is thet starting peint 
to ascertain the angle of the eccentric. 

Fourthly. From this point of intersection set 
oflf a distance or dimension on the centre line of 
the crank equal to the travel of valve from iedge 
of supply steam port, minus lead of slide valve. 

Fifthly. At the poiat where this distance inter- 
sects with the centre line alluded -to, draw a line 
at right angles with the centre line of crank. 

Sixthly. Lines drawn from the centre of crank , 
shaft to the intersections of the circle will be the 
angle of the eccentric either for ahead or astern. 



Eadius op Slide Valve Link. 

The radius of the slide valve link for horizontal 
or vertical engines will be thus deduced : 

First. Set the slide at half stroke. 

Secondly. From end of slide valve set off half 
the travel, plus the clearance ; from this last point 
set off the distance from inside of casing, to the 
extremity of oil cup of the gland of valve rod, 
plus clearance. 
12 
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Thirdly. From point of clearance last alluded 
to, set off centre of block pin. 

FourtUy. From centre of block pin to centre 
of crank shaft will be the radius of the link. 



Marine Screw Engines, Direct Acting. 

The angle of the eccentrics in relation to that 
of the crank will be thus produced : 

First. Describe on the circle of the crank shaft 
a circle equal to the travel of the slide yalve. 

Secondly. Draw the centre line of the angle of 
the crank at full or half stroke. 

Thirdly. The intersection of the circle (de- 
noting the travel of the valve) with that of the 
centre line of the crank, is the starting point to 
ascertain the angles of the eccentrics. 

Fourthly. From the point of intersection furthest 
from the crank set up a distance or dimension, 
equal to width of supply steam port or opening 
caused by the slide valve, minus lead of slide 
valve. 

Fifthly. At the point where this distance inter- 
sects with the centre line of crank, draw a line at 
right angles to it, the intersection of which on the 
circle will be the centres of the eccentrics. 

Sixthly. Lines drawn from the centre of the 
crank to the centres of the eccentrics, will be the 
angles oi the latter. 
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Radius of Slide Valve Link. 

To obtain the curve of this link the following 
must be observed : 

Eirst. Set the slide valve at half stroke. 

Secondly. From the front end of the slide 
valve set* off half the travel of slide valve, plus 
clearance ; from this, set off the distance from in- 
side of casing to extremity of oil cup of the gland 
of valve rod, plus clearance. 

Thirdly. From point of clearance last alluded 
to set off centre of block pin. 

Fourthly. From centre of block pin to centre 
of crank shaft will be fiie radius required. 



Oscillating Engines. 

To obtain the radius of the sliding quadrant, 
the position of the centres of the stud pin of the 
levers (that work the slide valves) will be the 
principal guide, consequently when the slide valve 
JB at half stroke, the levers are in a line with 
each other, the intersection of which with the 
centre line of the cylinder will be that of the 
sliding quadrant. 

From the centre of the trunnion to, the centre 
of the quadrant, will therefore be radius of the 
latter. 

Length of the slot of the quadrant is subser- 
vient to the angle assumed bv the piston rod at 
half stroke. 
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Eadius op Valve Link. 

Badius of valve link for oscillating engines will 
be thus: 

From centre of quadrant set up a distance 
agreed on for centre of link block ; from centre 
of block to centre of crank shaft equals radius 
required. 

Where levers are used the action of the eccen- 
trics will be reversed, consequently their position 
will be within the crank throw. The length of 
the eccentric rods = from centre of crank shaft to 
centre of link, when the pin is in its centre. 
When the pin is outside the centre of the link, 
the distance must be deducted from the length 
given, the remainder = the length of rods. 



Paddle Wheels. 

The mode to obtain the centres of the radius 
rods on the eccentric will be thus : 

First. Determine the diameter of the pitch line, 
which must be sufficiently large to allow a clear- 
ance betjireen each of the eyes of the rods. An 
approximate ^ule to obtain the diameter of the 
pitch line will be 1 J to 1 J inch for each float. 

Secondly. From the centre of pitch circle of 
floats to centre of pitch circle of the eccentric will 
be the length of the radius rod. 

Thirdly. With the length of the rod as a radius, 

» 

and on the intersection of each lever with the 
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circle of eccentricity, as a centre, describe arcs in- 
tersecting with the piJch line of the eccentric. 

Fourthly. The intersection lastly alluded to will 
be the centres for the radios rod's pins. 



Pboportions op Connecting Bods having 

Stbap Ends. 
Length of bearing = diameter of bearing x 1.5 to 

1.25. 
Thickness of brass (longitudinally) =i 

diameter of bearing 
5to6 
Thickness of brass at side = thickness longitud- 
inally X .5 to .4. 
Thickness of flange = thickness of brass at sides. 
Depth of flange = thickness of flange x 1 to .75. 
Area of strap at centre of curve = 

area of bearing 

3 to 4 

Area of side of strap = area at centre of curve x 

.7 to .6. 
Width of strap = diameter of bearing. 
Thickness of strap at centre of curve and sides = 

area at each part 

width 

Thickness of cotter and gib = diameter of bearing 

X .25 to .2. 
Total width of cotter and gibs at centre = diam- 
eter of bearing x 1 to .875. 
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"Width of cotter at centre = total width of cotter 

and gibsx A, ^ 

Taper of sides of cotter = J inch per foot. 
Length of cotter beyond gibs (back end) = width 

of cotter at centre x 4 to 3. 
Length of cotter beyond gibs (front end) =?= width 

of cotter at centre x 1.25 to 1.. 
Diameter of stop stud = J of an inch per inch of 

bearing's diameter. 
Thickness of strap at cotter part = thickness of 

strap at sides x 1.25. 
Length of rod (wrought iron) beyond cotter = 

diameter of bearing x .6 to .5. 
Length of rod (cast iron) beyond cotter = that for 

wrought iron x 1.25. 
Length of strap beyond cotter = that of rod. 
Depth of clip of gib = thickness of gib. 
Width of clip of gib = depth of clip x .875. 



Levers. 

Thickness of metal of boss of eye 

diameter of hole 
• 3 

Length of boss of eye= diameter of hole. 
Minimum length of lever = travel of lever. 
Width of lever at bosses = diameter of hole+ 

thickness of metal of one side of boss. 
Thickness of lever at each end -= 

diameter of hole 



\ 
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In all cases the versed sine of the travel of the 
lever should be divided, so as to equalize the 
vibration. 



Keys and CSottebs. 

, , ^ , diameter of hole 

Width of key = ^ 

^ Taper of key ^= J inch per foot 

Thickness of key = width x .75. 

thickness of key 
Depth of key slot in shaft = « 

Keys in some cases have gib ends, the propor- 
tions being the same as for that of gibs. 

Taper of cotter = J inch per foot. 

Width of cotter = diameter of bolt into which it 

is inserted. 

. " . _  diameter of bolt 
Thickness of cotter = z 

Length of bolt beyond cotter = diameter of bolt 
X 1 to .75. 

Length of boss beyond extremity of bolt = diam- 
eter of bolt. 

-rrr. -, -i n -i ' n • diamctcr of shaft 

Width of key for eccentrics = tt—b 

•^ 4 to 6 

Use the latter for shafts 24 inches in diameter. 

width 
Thickness of key = — ^ 
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Plumheb Blocks. 

Length of bearing = diameter x 1^. 

Thickness of brass = f of an inch as a minimnm 

for shafts 1| inches in diameter; above this 

thickness of brass above and below bearing = 

diameter of bearing 

"^ ¥to6 
Thickness of brass at the sides = 

diameter of shaft 
• 8lol2 

Thickness of flange of brass = that at the side. 

Length of fitting strip of brass = thickness over 
bearing. These strips should -be one within 
each flangd of brass. 

Diameter of cap bolts (2) = diameter of bearing X 
.3 to .25, using the latter for bearings 10 inches 
diameter. When 4 cap bolts are used, area of 
each bolt = area of each bolt when two are 
used X .6. 

Width of cap = diameter of bearing. 

Thickness of metal under brass = diameter of 
bearing x .5. 

Thickness of cap = diameter of bearing x .5. 

Width of metal between side of brass and side of 
cap bolt = diameter of bolt x .5. 

Width of metal beyond bolt = diameter of boltx 
1 to .875. 

Diameter of oil cup, external :s= diameter of bear- 
ing X .5 to .4. 

Depth of oil cup =i= diameter of oil cup x .75. 
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Thickness of metal of oil cup at top = J to f of 

an inch. 
Taper of side of oil cup = J of an inch per inch in 

depth. 
Approximate height of plummer block from centre 

of bearing to sole = diameter of bearing x 2 to - 

1.5. 
Thickness of sole = thickness of cap x .5. 
Thickness of sole plate = thickness of sole = 

1.125. 
Total area of sole plate bolts = total area of cap 

bolts X 1.25.' 
Diameter of nut bosses = width of nut across the 
' angles.x 1.1. 
Width of facing strips = J to 1 J inch. 

The fjEU3ing strips should be at the extremities 
of the sole, with a cross strip at the centre 



Toothed Wheels (Gearing). 

The diameter of the wheel will to a certain ex- 
tent govern 'the pitch of the teeth if to please the 
eye. The following table and rules are deduced 
from practical results : 

Diazheter at Pitch of 

Pitch Lin«. Teeth, 

ft.' in. in. 

15 ... ... 3| 

14 ... ... 3^ 

Xo U ••. ... o 

12 ..; •.. 2| 
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llliMitwa FHehof 

fL Im. In. • 

10 ... ... 2^ 

O U ••• ••• AX 

P V ••• ••• a 

4 ... ... 1^ 

3 ... ' ... 1^ 

1 fi ... ... 1 

o ... ... ^ 

Breadth of teeth = pitch x 2.5. 

Thickness = pitch, minus clearance x .5. 

Clearance = ^'3 of an inch per inch of pitch. 

Length of tooth = pitch x .75. 

Thickness of rim, arms, etc. = thickness of tooth. 

Width of arm at rim = pitchx2 to 3. 

Taper of arm = ^ to f of an inch per foot of 
length. 

An approximation for the diameter of the shaft = 
pitch of teeth x 3 to 2, or one incH as a mini- 
mum for wheels one foot in diameter, increas- 
ing one inch per foot above this. 

Diameter of boss = diameter of shaft x 2. 

Length of boss = breadth of teeth x 1.25. 

Depth of web of arm at- boss = width of web of 
arm. 

It must be understood that in practice the clear- 
ance of the tooth at the bottom and at the pitch 

line should be equal, by which the clearance of 

the root and the top of the tooth can be obtained. 

For the use of students the following is observed; 
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In mitre and bevil gear> the pitch line to con- 
struct the shape of the tooth is produced from a 
line (at rigjit angles to the angle of the gear) 
that intersects with the centre of the wheel, which 
is in principle, the unrolling of the periphery of 
the cone of the bevil or mitre wheel; 



Fire Babs. 

Length should never exceed 3 feet 6 inches. 
Inclination for marine boilers = 2 inches per f5ot. 
Inclination for land boilers = 1 inch per foot. 
Depth of bar at centre = 1 J to If of an inch per 

foot of length. 
Depth* of bar at ends = f of an inch per foot of 

length. 
Width of bar at ends = f to 1 inch. 
Taper of sides ofbar = J of an inch per inch. 
Clearance for ashes = J to f of an inch. 
Depth of centre bearing bar = depth of fire bar at 

centre. 
Width of centre bearing bar = depth of fire bar 

at end X 2. 
Width of end bearing bar = depth of fire bar at 

end. 



Marine Coal Bunkers. 

Thickness of plates, etc.; 
Top plates, J of ah inch. • 
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• 

Bottom plates, j^ of an inch. 

Badii of curves, 6 to 12 inches. 

Corner angle iron, 1 J x 1 J x J. 

Stay angle iron, 2 x 2 x /^ . 

Stays, 8 feet pitch. 

Temperature tubes, nmnber = 1 per 30 tons of 
coal, in bunkers containing above 200 tons. 

Number of cubic feet per ton of coal = 46. 

Space between boilers, or width of stoke hole = 
9 to 10 feet. 

Minimum space allowed for passing behind cylin- 
ders or thrust block in screw alley = 12 inches; 
maximum space 18 inches. 

Diameter of water pipe for lubricating or cooling 
bearings of shaftings = 1 to 3 inches. This 
piping is supplied with stop cocks to each bear- 
ing, the water being required when bearings 
have a tendency to become heated. 
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Side of taper of pluga= 1 incli per foot. 
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Pbopoktiohb nr Bolts, Nuts, stc. 
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Split pin's diameter = I of an inch per inch of 

bolt's diameter. 
Stop pin's diameter = | to f of an inch, or | of an 

inch per inch of bolt's diameter below 5 inches. 
Thickness of stop ring = diameter of stop pin x 2. 
Width and diameter of stop ring is subservient to 

the nut Used. 
Pitch of bolts and studs in jQanges = diameter of 

bolt X 8. 
Depth of stud screwed into metal = diameter of 

stud X 1.5. 
Thickness of metal beyond stud = diameter of 

stud X .75. 
Width of flange to side of metal-of body part.= 

diameter of stud x 2.5* 
Thickness of flanges (cast iron) of pipes = 

diameter of pipe 

5lo9 

Diameter of bolts or studs for flanges of pipes 

(cast iron) = J to IJ inch, using the latter for 

pipes 12 inches in diameter. 
Thickness T)f collars and heads of pins = 

diameter of pin 

2. to 3. 

Diameter of collars and heads of pins = diameter 

of pin X 1.5. 
Thickness of check nut = diameter of bolt x .7 

to .5. 
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PROPORTIONS OF ENGINES PRODUCED BY 

THE RULES 

Proportions of an Engine of 20 HP 

Nominal. 

Diameter of cylinder, I4/5 in. 

Length of stroke, 28 in. 

Depth of piston, 8 J in. 

Clearance at each end of the stroke, } in. 

Diameter of cylinder at cover, allowing for rebo^ 

ing, 14y»g in. 
Diameter of piston rod, 2 J in. 
Thickness of metal of cylinder, 1 in. 
Thickness of raised portions, J in. 
Length of raised portion*^, 2 in. 
Thickness of metal of steam passages, f in. 
Thickness of back end cover, f in. 
Depth of fitting part of cover, 1 in. 
Thickness of flanges, 1 in. 
Thickness of ribs, J in. • 
Internal diameter of recess for nut of piston rod, 

4 J in. ^ 
Diameter of studs for securing cover, 1 in. 
Diameter of pitch circle, 17f in. 
Thickness of metal beyond bolts, f in. 
Diameter of bosses or projections to receive nute, 

2i in. 
Thickness of bosses, J in. 
Thickness of front end of cylinder, f in. 
Number of ribs, 4. 
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Thickness of ribS; ^ in. 

Position of supporting brackets (perpendicular), 

10 in. 
Thickness of solC;. 1 J in. 
Thickness of ribs, f in. 
Space between ribs, 6 J in. 
Diameter of securing bolts, If in. 
Number of bolts, 4. 

Transverse distance of securing bolts, 14|| im 
Diameter of piston rod stuffing box, 4 in. 
Depth of piston rod stuffing box, 8| in. ' 
Thickness of metal of bush, j% in. 
Depth of gland, 2| in. 
Thickness of metal of stuffing box, | in. 
Diameter of studs for securing gland, f in. 
Metal around studs, ^ in. 
Depth of oil cup, 2 J in. 
Thickness of flange of gland, f in. 



Stbam Ports, etc. 

Area of steam port (supply), 10 sq. in^ 
Length of steam port (supply), 9y*5 in. 
Width of steam port (supply), 1 J in. 
Width of steam passage, 1 J in. 
Length of steam passage, 9^^ in. 
Width of exhaust port. If in. 
Exhaust port-area, 15 sq. in. 
Outside lap of slide valve, f in. 
Inside lap of slide valve, j^^ in. 
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Side lap of slide valve, {in. 

Width of bar, l|f in. 

Position of valve fisusing £rom centre line lOf in. 

Stroke of slide valve, 3} in. 

Diameter of slide valve rod; 1^ in. 

Stuffing box diameter, 2^ in. 

Depth of stuffing box, 2 in. 

Thickness of bush, | in. 

Depth of gland, 1 J in. ' 

Thickness of metal of stuffing box, } in. 

Diameter of studs, ^ in. 

Number of studs, 2. 

Clearance for slide, ^^ in. 

Depth of slide valve intem^ly, If in. 

Thickness of body of slide, \ in. 

Thickness of flange of slide, | in. 

Position of rod from face, 1| in. 



Slide Casing. 
Thickness of casing, f in. 
Thickness of flange, | in. 
Width of flange, 2f in. 
Diameter of studs, f in. 
Thickness of cover, | in. 
Diameter of studs, | in. 
Thickness of ribs, f in. 



Piston. 
Thickness of body, f in. 
Thickness of ribs, J in. 
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Diameter of packing ring studs, | in. 
Thickness of stud blocks, H in. 
Side of stud block (square), IJ in. 
Thickness of spring at thickest part, f in. 
Thickness of spring at thinest part, tV in. 



Piston Eod. 
Taper of^rod in piston, J in. 
.Depth of nut, If in. 
Diameter of screw, 2 J in. 
Diameter of securing bolts. If in. 
Thickness of T ©nd. If in. 
Width of T end, 8^ in. 



Cross Head or Connecting Pin. 
Diameter of cross head pin, SJ in. 



Guide Block. 

Bottom area of guide, 84 in. 

Length of bottom of guide, 12 in. 

Width of bottom of guide, 7 in. 

Thickness of bottom of guide, If. 

Thickness of shoe, | in. 

Taper of adjusting part of shoe, J in. 

Diameter of adjusting stud, f in. 

Length of bearing of connecting pin, 4J in. 

Thickness of back part, 1 J in. 

Thickness of front part, | in. 
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Depth of recess for soft metal, J in. 

Thickness of cap, If in. 

Width of cap, 8 J in. 

Diameter of securxhg bolts, If in. 



Connecting Eod. 
Lepgth of connecting rod, 4 ft. 8 in. 
Length of fork from centre of eye, 7 J in. 
Width of each fork, 3 in. 
Thickness of fork, 1 J in. 
Thickness of metal around pin, IJ in. 
Width of eye, 1}| in. 

Diameter of connecting rod (fork end), 2f in. 
Diameter of connecting rod (crank end), 2| in. 
Diameter of connecting rod (at centre), 8^^ in. 
Diameter of crank pin, 3f in. 
Length of bearing, 5 J in. 
Thickness of brasses at the end, f in. 
Thickness of sides of brasses, f in. 
Diameter of adjusting bolts. If in. 
Thickness of metal between brass and side of 

bolt, J in. 
Thickness of brass at extremities of bearing, 

A in. 
Thickness of flanges of brasses, f in. 
Thickness of the head of connecting rod beyond 

brasses. If in. 

Eccentric. 
Throw, 1| in. 

Thickness of boss, 1 J in. 
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Thickness of ribs, /g in. 

Number of ribs, 8. 

Thickness of ring, | in. 

Depth of recess, xs ^^» 

Thickness of sides of recess, rs i^i- 



Eccentric Rod Band and Bolts. 

Diameter of eccentric rod, T end, 1| in. 
Length of eccentric rod, 4 ft. 8 in. 
Diameter of eccentric rod at middle, 2 in. 
Diameter of eccentric rod at lever end. If in. 
Diameter of each bolt and stud, IJ in. 
Thickness of T end, 1 J in. 
Thickness of band, f in. 
Thickness of flanges of band, }§ in. 
Width of band, 2| in. 
Diameter of weigh shaft, 2 J in. 



Main Framing. 

Thickness of metal, f in. 
Width of each side of frame, TJ in. 
Depth of frame, S^^ in. 
Distance between centre of sides, 14o^^ in. 
Height of facing projections, i^ in. 
Diameter of bosses of securing bolts (6), 2f in. 
Length of guide channel, 2 ft. 7 in. 
Thidcness of flange part of guide channel^ 1^ in. 
13 
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Diameter of flange studs, H in. 

Pitch of bolts, 10 in. 

Thickness of metal on each side of bolts, { in. 

Thickness of metal under guide, If in. 

Diameter of holding down bolts {Q\ If in. 

Diameter of lever weigh shaft boss, 5 in. ' 

Thickness of bush, ^^ in. 

Diameter of crank shaft bearing, 4| in. 

Length of bearing, 6f in. 

Position of centre of bearing from centre line of 

framing, 10 in. 
Thtekness of brass of bearing, f in. 
Diameter of adjusting bolts, 1{ in. 
Thickness of cap, 2J in. 
Thickness of metal between brass and side of 

bolts, i in. 
Thickness of metal above side of adjusting bolt> 

4 in. 
Thickness of clip, y\ in. 



Crank and Shaft. 
Area of the crank, 16.91 sq. in. 
Thickness of crank, 8f in. 
Width of crank, 5 J in. 
Diameter of shaft beyond bearing, 5 J in. 



Fly Wheel. 
Weight of rim, 2 tons 10 cwt. 
Diameter to centre of rim, 8 ft. 3 in. 
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Cubical oontents of rim, 21,292 cub. in. 

Depth of rim, 11 in. 

Width of rim, 6^ in. 

Diameter of boss, 12 in. 

Length of iiosss, 11 J in. 

Number of arms, 6. 

Sectional area of arm, 11 in. 

Width of arm at rim, 5 J in. 

Taper of arm (in whole length), 1 J in. 

Area of connecting bar, 15 sq. in. 

Width of connecting bar, S in. 

Depth of connecting bar, 5 in. 

Depth of key, 8 in. 

Width of key, f in. 

Width of boss rings, 2 J in. 

Thickness of boss rings, 1^ in. 



Feed Pjjmp. 

Cubical contents, 45.5 cub. in. 
Stroke of pump, 6 J in. 
Diameter of plunger, 3 in. 
Thickness of body of plunger, f in« 
Thickness of end, J in. 
Diameter of plunger pin. If in. 
Diameter of stuffing box, 4 J in. 
Depth of stuffing box, 2^ in. 
Depth of gland. If in. 
Diameter of gland studs, f in. 
Thickness of flange, f in. 
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Thickness of body of pump (cast iron)^ f ia. 
Area of valve, 4^94 sq. in. 



Feed Pump Rjclikp Valvx. 

Diameter of valve, 2| in. 
Diameter of spring, 2i in. 
Diameter of each coil, ^ in. 
Kumber of coils, 7- 
Space between coils, f in. 
Diameter of valve spindle^ J in. 
Thickness of valve, ^ in. 



Governor. 

Height of plane line from suspension, 12f in. 

Number of revolutions per minute, 52. 

Diameter of mitre gear, 5f in. 

Pitch of teeth, | in. • 

Diameter of weigh shaft, 1 J in. 

Number of revolutions of engine, 64. 

Diameter of spindle, 1 J in. 

Diameter of pendulum, yj in. 

Diameter of connecting levers, f in. 

Diameter of pins, f in. 

Thickness of lever slide, j% in. 

Thickness of metal of top, j% in. 

Thickness of metal of governor bracket, f m. 

Diameter of spindle and rods for governor valve, 

Jin. 
Diameter of balls, 5 J in. 
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Dimensions of a Condensing Beak Engins 

OP 150 HP Nominal. 
Diameter of cylinder, 57 in. 
Stroke of engine, 9 ft. 
Area of port supply for equilibrium valve, 172 

sq. in. 
Length of ports, 40 in. 
Width of ports, 4f in. 
Diameter of piston rod, 5| in. 
Diameter of stuffing box, 10 in. 
Depth of stuffing box, 1 ft. 11 in. 
Depth of gland, llj in. 
Diameter of gland bolts. If in. 
Number of gland bolts, 4. 
Thickness of body of cylinder, allowing for rebor- 

ing, If in. 
Thickness of cover, 1 in. 
Diameter of studs, \\ in 
Thickness of ribs, f in. 
Diameter of bolts for securing cylinder, 8 J in. 
Thickness of flange, \\ in. 
Thickness of equilibrium valves, casing, or nozzle, 

1 in. 

Diameter of securing stud of casing, 1 in. 

Thickness of flanges, 1 in. 

Area of valve (supply) equilibrium, 115 sq. in. 

Diameter of valve (supply) equilibrium, 12 J in. 

Area of exhaust valve, 172 sq. in. 

Diameter of exhaust valve, 14| in. 

Angle of mitre, 45*^. 
/ 
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Width of mitred part of valve seat (mitre)^ J in. 

Depth of valve between seats, 4f in. 

Thickness of valve, f in. 

Diameter of studs for securing valve seats, | in. 

Diameter of valve rod, IJ in. 

Stuffing box diameter, 3 in. 

Depth of stuffing box, 3 in. 

Depth of gland, 2 J in. 

Diameter of studs for gland of valve's rod, } in. 

Number of studs for gland of valve's rod, 2. 

Diameter of cam shaft, 4j^ in. 

Length of main beam (cast iron)^ 86 ft. 

Length of piston connecting rod, 4 ft. 6 in. 

Length of parallel rod, 8 ft. 8 in. 

Length of radius rod, 10 ft. 

Diameter of piston connecting rod, 5} in. 

Diameter of parallel connecting rod, 2f in. 

Diameter of parallel rod, or bar and radius rod, 

2i in. - 
Diameter of radius rod and parallel bar weigh 

shaft, 3 J in. 
Diameter of piston cap pin, 7 in. 
Diameter of beam end pin, 7 in. 
Depth of main beam at middle, 5 ft^ 
Diameter or depth at end, 2 ft. 
Thickness of beam (2 parts or sides), 1 J in. 
Thickness of ribs of beam, 1| in. 
Width of ribs and web, 4J in. 
Diameter of gudgeon, 11 J in. 
Diameter of bosses for pins, 1 ft. 5 J in. 
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Deptk of bosses for pins, 9 in. 
Diameter of gudgeon boss, 1 ft. 11 in. 
Thickness of ribs, 1 in. 



Connecting Eod. 

Length of connecting rod, 27 ft. 

Area at centre, 127 sq. in. 

Width of cross ^art, 20 in. 

Diameter of crank pin, 8 in. 

Length of crank pin, 12 in. 

Length of crank end of connecting rod, 10 ft. 

Sectional area at crank end, 42 sq. in. 

Diameter of connecting rod at termination of 

cross, crank end, 15 in. 
Diameter of connecting rod at termination of 

cross, beam end, 13 J in. 



Crank Shaft. 
Diameter of crank shaft, 14f in. 



Crank Wrought Iron. 

Thickness of metal of boss around shaft, 5J in. 
Thickness of metal of boss around pin, 2} in. 
Area of crank at centre, 162 sq. in. 
Depth of boss for shaft end of crank, 14:f in. 
Depth of boss for pin end of crant, S in. 
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GSAB POB WORKINO VaLVKS, 

Diameter of gear shaft, 5| in. 
Pitch of mitre gear, If in. 
Diameter of wheel, 1 ft. 10 in. 



Fly Wheel. 

Diameter of fly wheel at centre of rim, 25 ft. 

Weight of rim, 15 tons. 

Depth of rim, 15 in. 

Width of rim, 9 in. 

Area of rim, 185 sq. in. 

Number of arms, 8. 

Sectional area of each arm, 44 sq. in. 

Width of arm at rim, 1 ft. 

Diameter of centre of wheel, 5 ft. 

Diameter of bolts for securing arms. If in. 

Width of key, f in. 

Thickness of boss,. 5 J in. 

Length of boss, 23 in. 

Thickness of body, 1 J in. - 

Thickness of ribs, 1 J in. 

Thicknes*s of rings, If in. 

Width of rings, 3 J in. 



Pumps 

Cubic contents of air pump (single acting), 22 ft. 
Cubic contents of condenser, 23 ft. 
Stroke of air pump, 3 ft. 
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Diameter of air pump, 3 ft. 1 in. 
Cubic contents of cylinder, 159 ft. 
Cubic contents of feed pump, 1537 in. 
Stroke of feed pump, 3 ft. 
Diameter of feed pump, 7f in. 
Diameter of air pump rod, 4J in. 
Diameter of feed pump rod. If in. 



Proportions op a Pair of Marine Screw 
Engines 200 HP collectively. 

Diameter of cylinder, 46| in. 
Area of cylinder, 1705.54 *'sq. in. 
Length of stroke, 2 ft. 6 in. 



Cylinder. 

Thickness of metal of cylinder, 1 J in. . . 

Thickness of metal of steam passage, f in. 

Thickness of flanges, IJ in. 

Diameter of flange studs, 1^ in. 

Pitch of bolts, about 9 in. 

Thickness of cover, } in. 

Thickness of ribs, f in. 

Diameter of boring hole, 10 in. 

Area of opening (or travel of valve, from edge of 

port), 93f sq. in. 
Area of port, 142f sq. in. 
Width of opening, 2f in. 
Length of port, 33 J in. 



166 BUBOH^S PEACnCAL BULKS FOE 

Width of port, 4^ in. 
Length of exhaust port; 88j^ in. 
Width of exhaust port, 9 J in. 
Width of bar 1 J in. 

SUDB TALVE. 

Outside lap of valve, If in. 
Inside lap of valve, /^ in. 
Width of exhaust space, 12J in. 
Diameter of valve rod, 1 J in. 
Width of slide ring, 1 J in. 
Thickness of slide ring, 1 in. 
Thickness of packing ring, 1 in. 
Depth of recess in packing ring, 1 J in 
Diameter of set screws, f in. 
Pitch of set screws, lOJ in. 



Valve Casing. 
Thickness of metal, } in. 
Diameter of bolts or studs, f in. 
Thickness of flanges, J in. 
Thickness of cover of casing, f in. 
Thickness of ribs of flanges, f in. 
Thickness of ribs of cover, /^ i'^* 
Depth of ribs of cover, 4 in. 
Diameter of securing studs of cover, | in. 



Piston. 
Depth of piston, 5 in. 

Thickness of body, 1 in. 
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Thickness of metal around rods, 2 in. 

Thickness of ring spring opposite slit, 1 in. 

Thickness of ring spring at slit, | in. 

Thickness of packing ring, 1 J in. 

Diameter of packing ring studs, f in. 

Diameter of face ring studs, | in. 

Width of face ring, If in. 

Thickness of face ring, 1 in. 

Thickness of stud blocks, | in. 

Side of square blocks. If in. 

Piston rod (2 rods) diameter, 4 J in. 

Diameter of stuffing box, 6f in. 

Depth of stuffing box, 4 in. 

Depth of gland, 3 in. 

Diameter of oil chamber, 6f in. 

Thickness of metal of oil chamber, ^g in. 

Depth of stuffing box beyond oil chamber, 1 J in. 

Diameter of gland, 5f in. 

Diameter of studs for main gland (3), 1 J in. 



Condenser. 
Cubic contents (for two cylinders), 9 ft. 
Thickness of body, 1 in. 
Thickness of securing flanges, 1 J in. 
Thickness of doors, | in. 
Diameter of securing studs (doors), f in. 



Air Pump. 
Cubic contents of air pump (double acting), 2,9 ft. 
Stroke of air pump, 2 ft. 6 in. 
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Diameter of pump, 14| in. 
Total area of one set of valves, 128 sq. in. 
Area of openings in one valve, 16 sq 
Number of one set of valves, 8. 



Valves, etc. 

Diameter of valves, 6J in. 

Thickness of valve, f in. 

Lap of valve, /« ui- 

Lift of valve, 1 J in. 

Thickness of flange, ^^ in. 

Diameter of securing studs, f in. 

Thickness of ribs, j% in. 

Depth of ribs, | in. 

Diameter of securing bolts for guards, } in. 

Diameter of boss of securing bolts, 1 J in. 

Eadius of curve of guard, 3J in. 

Thickness of guard, ^^ in. 

Diameter of exhaust steam pipe, 19 in. 

Area of injection (water), 11 sq. in. 

Diameter of injection pipe, 3f in. 

Thickness of lining of air pump, f in. 

Depth of piston, 4 in. ^, 

Thickness of metal of body of piston, y^y in. 

Thickness of ribs (5), j^^ in. 

Diameter of air pump rod, 2f in. 

Proportions of stuffing box and gland as for piston 

rod. 
Area of exhaust pipe (water) 188.69 sq, in. 
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Diameter of exhaust pipe (water), 15 J in. 

Area of snifting valve, 7 sq. in. 

Diameter of snifting valve, 8 in. 

Length of openings of injection valve, 3 J in. 

Width of openings, J in. 

Number of openings, 3. 

Thickness of metal of body, /^ in. 

Thickness of flanges, f in. 

Diameter of valve rod, f in. 



Feed Pump. 

Length of stroke, 2 ft. 6 in. 
Cubic contents, 229.80 in. 
Area of plunger, 7.66 sq. in. 
Diameter of plunger, 3 J in. 
Thickness of .plunger, f in. 
Diameter of pump rod, 1 J in. 
Area of feed valve, 7 sq. in. 
Diameter of opening in valve, 4J in. 



Guide Block. 

Area of guide block face, 13.5 sq. in. 
Length of guide block fiace, 1 ft. 6 in. 
Width of guide block face at bottom, 7J in. 
Width of guide block face at top, 2 in. 
Thickness of guide. If in. 
Diameter t>f securing cap bolts, 3 J in. 
Thickness of metal around bolt, J in. 
15 
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Diameter of bolt head, 4{ in. 
Thickness of bolt head, If in. 
Diameter of pin, 5f in. 
Diameter of bearing, 5f in. 
Length of bearing, 7J in. 
Thickness of metal at back, 1{ in. 
Thickness of metal at front, 1 J in. 
Thickness of metal of projection, 1 in. 
Thickness of metal of block, | in. 
. Diameter of screw of shoe, f in. 
Thickness of cap, 2 J in. 
Sectional area of cross head, 24 sq. in. 
Width, 5 J in. 
Thickness of cap, 2| in. 



Guide Frame. 

Thickness of flange, IJ in. 

Thickness of bottom of channel, IJ in. 

Diameter of flaiige securing bolts, 1 J in. 

Pitch of bolts, 10 J in. 

Thickness ofi^metal of body and ribs, 1 in. 

Width of ribs, 6 in. 

Thickness of flanges, 1 J in. 

Diameter of securing studs or bolts,'! J in. 



Connecting Eod 

Length of connecting rod, 6 ft. 8 in. 
Diameter of connecting rod at guide end, 4J 



in. 



:^' 
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Diameter of connecting rod, crank end, 5 J in. 

Diameter of connecting rod in centre, 5 J in. 

Width of each fork, 5f in. 

Thickness of each fork, 2J in. 

Space between forks, 7 J in. 

Diameter of eye, 9f in. 

Width of eye, 3f in. 

Length from centre of eye, 11 J in. 

Diameter of bearing (crank), 9" in. 

Thickness of brass, 1 J in. 

Thickness of caps, 3 in. 

Diameter of bolts, 3 J in. 

Diameter of heads, 4J in. ' ' 

Thickness, If in. 

Solid Link. 
Area, 6.187 sq. in. 

Thickness of link, 2f in. 

Width of link, 2 J in. 

Length of sliding block, 4 in. 

Thickness of block front, back and sides, f in. 

Diameter of projection, IJ in. 

Length of projection, 1 J in. 

Width of portion secured to valve rod, 3f in. 

Diameter of securing studs (3), f in. 



Eccentric Bands, Bolts, and Bods: 
Throw of eccentric, 4f sq. in. 
Area of solid link pin, 2.073 sq. in. 



172 bubgh's practical bulsb roB 

Diameter of solid link pin, If in. 

Area of band bolts, 1.767 sq. in. 

Diameter of band boltSy 1| in. 

Width of band, 8 in. 

Thickness of boss of eccentric, 1| in. 

Thickness of rim and.arms^ IJ in. 

Depth of recess, ^^ in. 

Width of rim, arms, and boss, 3 J in. 

Thickness of band, 1 in. 

Thickness of interjial brass hoop, |-in. 

Width of projection of brass hoop, 1 J in. 

Diameter of leye, 3 J in. 

Width of eye, 1 in. 

Area of eccentric rod at eye, 2.^25 sq. in. 

Width of rod, 3 in. 

Thickness at eye, | in. 

Thickness of bolt's flange, 1 J in. 



Crank and Shaft.' 

Throw of crank, 1 ft. 3 in. 

Diameter at bearing, 9 in. 

Diameter beyond bearing, lOJ in. 

Length of bearing, 18 in. Ig 

Diameter of crank pin, 9 in. 

Length of crank pin, 6^ in. 

Area of each crank at centre, 46.828 sq. in. 

Width of each crank at centre, 10 J in. 

Thickness of crank, 4f in. 

Taper of sides of crank, IJ in. 
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Main Frame. 
Thickness of brass between flanges, 1 in. 
Length of brass between flanges, 12 in. 
Thickness of flange, f in. 
Thickness of brass at ends, f in. 
Diameter of securing bolts for cap, 3 J in. 
, Space between bearing and side of bolts, ^^ in. 
Width of bolt's keys, 8 J in. 
Thickness of bolt's keys, J in. 
Diameter of stay, 3J in. 
Thickness of securing head, 1| in. 
Area of securing bolt for head, 2.073 sq, in. 
Diameter of securing bolt (4) for head, 1| in. 
Thickness of cap (wrought iron), 3f in. 
Thickness of metal of framing beyond bearing, 

4J in. 
Thickness of metal around securing cap bolts, 

l|in. 
Thickness of metal of framing, 1 J in. 
Depth and width of ribs, 3f in. 
Thickness of bottom flange, If in. 
Width of flange, 9 in. 

Diameter of securing bolts or coach screws. If in. 
Pitch of flange securing bolts, 14J in. 



Thrust Block and Screw Shaft Block. 

Number of rings, 7, 
Width of each ring, 1 J in. 
Space between rings, 1 J in. 
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Depth of rings, 1 in. 

Thickness of brasses, 1 in. 

Number of staying recesses, 3. 

Number of bolts for securing cap, 4. 

Diameter of bolts, 1 J in. 

Thickness of cap and bottom of block, 2 J in. 

Depth of cap bolts, lugs, or bosses, 4J in. 

Thickness of metal around bolts, 1 in. 

Diameter of bolts for securing block and solo 

plate, 1 J in. 
Diameter of the bolts for securing block to plate, 

also secure the sole to frame, 1 J in. 
Number of bolts, 6. 

• 

Thickness of sole plate, ribs, and bottom, 2| in. 
Length of sole plate beyond thrust part of block 

* towards engine, 9 ifi. 
Length of block and sole plate, beyond block 

towards screw, 2 ft. 2 in. 
Length of plummer block for shaft, 12f in. 
Diameter of cap bolts, 1 J in. 
Thickness of brasses, f in. 
Thickness of cap and bottom of block, If in. 



Turning Gear and Coupling. 

Diameter of wheel, 4 ft. 

Diameter of worm, 6 in. i 

Pitch of teeth, 2 J in. 

Length of worm, 10 in. 

Diameter of worm shaft, 2 J in. 
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Diameter of wheel boss, 1 ft* 6 in. 

Thickness of rim and body of wheel, 1 J in. 

Length of boss, 9 in. 

Area of bolts, 49.576 sq. in.^ .^ 

Number of bolts, 7. 

Diameter of bolts, 8 in. 

Thickness of coupling at pitch line, 4 in. 

Thickness of metal beyond bolt, 2 J in. 

Length of arm of ratchet, 7 ft. 6 in. 



Wrought Iron Coupling. 

Thickness of disc, 3 in. 
Area of bolts, 49.576 sq. in. 
Diameter of bolts, 3 in. 
Number of bolts, 7. * 



Stern Tube and Stuffing Box. . 

Length of provisional bearing of friction part at 

stern end, 18 in. 
Thickness of tubes, J in. 
Depth of stuffing box, 22J in. 
Depth of gland, 5 J in. 
Thickness of gland, 1 in. 
Diameter of gland bolts, 1 in. 
Number of gland bolts, 5. 
Diameter of bolts for securing stem tube, 1 in. 
Pitch of bolts, 8 in. 
Thickness of flange, 1 in. 
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Screw Propeller. 
Diameter of screw, 11 ft. 
Pitch, 16 ft. 6 in. 
Diameter of bearing, 11 J in. 
Diameter of boss, 13f in. 



Banjo, or Lifting Frame. 

Diameter of lifting pin, 3 in. 

Thickness of body of frame, J in. 

Width of sides of frame, 6f in. 

Depth of cross part (midway from centre to 

sides), 13 J in. 
Depth at centre, 1 ft. 8J in. 
Diameter of rope pulley, 1 ft. 
Thickness of body, ^in. 
Diameter of bosses, 4J in. 
Width of groove, 3 in. 
Diameter of pin, 1| in. 
Diameter of catch pin. If in. 
Diameter of boss for catch pin, 2f in. 
Depth of catch, 2f in. 

Diameter of screw for adjusting stop lever,' l|in. 
Depth of stop lever at centre, 6 in. 
Thickness of stop lever, 3 in. 
Depth of lever at boss and clutch, 3 in. 
Thickness of catch at joint, 1| in. 
Thickness of bottom of bearing block and cap, 

24 in. 
Thickness of tube, f in. 
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Thickness of each strip of lignum vitas, | in 
Width of each strip of lignum vitse, 1 J in. 
Thickness of metal between strips, xV iii- 
Diameter of bolts in cap (4), If in. 



Stern Bracket. 

Thickness of metal, f in. 
Diameter of securing bolts, 1 in. 
Proportion of lignum vitse strips as before. 
Pitch of ratchet, 2 J in. 



Proportions of Oscillating Engines of 400 

HP collectively. . 

Diameter of cylinder, 74J i^. 

Jjength of stroke, 6 ft. 

Thickness of metal. If in 

Area of steam (2) ports supply opening, 200 sq. in. 

Length of steam ports supply, 87 in. 

Width of exhaust, (1) 6^^ in. 

Outside lap of valve, 1 J in. 

Inside lap of valve, J in. 

Width of opening (caused by slide), 2f in. 

Width of port 4J in. 

Width of bar in cylinder, 4^ in. 

Width of flange of valve, 4J in. 

Length of piston rod, 10 ft. 6 in. 

'Diameter of piston rod, 9 in. 

Diameter of cap bolts (2), 4 J in. 
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Thickness of cap and head, 4} in. 

Thickness of brasses, If in. 

Depth of key, 9 in. 

Thickness of key, 2 J in. 

Diameter of stuffing box of piston rod, 13J in. 

Depth of stuffing box of piston rod, 9 in. 

Depth of bush, 1 ft; 8 in. 

Thickness of bush, ^ in. 

Depth of gland, 4J in. 

Thickness of metal of stuffing box, 2J in. 

Diameter of oil cup, 13 J in. 

Depth of oil cup, 4 J in. 



Trunnions and Steam Passages. 

Area of steam passages, 229 sq. in. 

Width of steam passage, 6i% in. ^ 

Length of steam passage, 37 in. 

Thickness of metal of passage, If in. 

Area of steam openings in trunnions, 458 sq. in. 

Thickness of metal of steam pipe, f in. 

Diameter of opening, 24J in. 

Length of bearing of trunnions, 12 in. 

Thickness of gland, 2 in. 

Thickness of metal of trunnion at neck, 4 J in. 

Thickness of trunnion at stuffing box, 3 in. 

Thickness of flange of trunnion, 3 in. 

Depth of stuffing box, 14J in. 

Depth of gland, 5 J in. 

Diameter of gland studs, 1 J in. 
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Pitch of studs in gland and flange of pipes, 10 in. 

Thickness of brasses for trunnion, 2 J in. 

Thickness of cap (cast iron), 8 J in. 

Diameter of bearing, 2 ft. lOJ in. 

Diameter of cap bolts, (2) 4f in. 

Diameter of securing bolts, 4| in. 

Thickness of metal under trunnion brasses, 8J in. 



Air Pump and Condenser. 
Cubical contents of one cylinder, 180 ft. 
Cubical contents of condenser, 45 ft. 
Cubical contents of each air pump, 22.5 ft. 
Stroke of air pump, 3 ft. 
Diameter of air pumps (2), 3 ft. IJ in.- 
Area of valves, 272 sq. in. 
piameter of connecting rod, 4f in. 
Diameter of pin for piston, 4f in. 
Thickness of trunk at neck, ^^ in. 
Area of cap bolts (each) 4.43. 
Diameter of cap bolts, 2f in. 
Thickness of keying socket. If in. 



Crank Shaft. 
Diameter of crank shaft, 15f in. 
Length of bearing, 2 ft. 6f in. 



Crank Pin. 
Diameter of crank pin, lOJ in. 
Length of bearing, 1 ft. 3| in. 
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Cranes. 
Depth of shaft eye, 15f in. 
Depth of pin's eye, 10 J in. 
Extreme diameter of eye (pin's), 19 J in. 
Extreme diameter of eye (shaft). 25f in. 
Sectional area of each web of crank, 140 sq. in. 



LowBB Frame. 
Thickness of metal of frame, 1 J in. 
Depth of frame, 2 ft. 6 in. 
Diameter of securing studs, 1 J in. 



Entablaturb. 
Diameter of cap bolts {2\ SJ in. 
Thickness of cap (cast iron), 7| in. 
Thickness of brass. If in. 
Thickness of metal of body, If in. 
Thickness of solid sides of frame, 2f in. 
Diameter of flange bolts, If in. 
Thickness of flange, 1 J in. 
Depth of solid sides, 19 in. 
Depth of frame beyond brass of bearing, 23 in. 
Thickness of metal under brass, 4 in. 
Diameter of stays (2) to each bearing of crank 

shaft, 5 J in. 
The remaining portions are as for screw engines. 



Paddle Wheels. 
Draught of ship, 10 ft. 
Immersion of floats, 5 ft. 
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Number of floats immersed, 4. 
Diameter of paddle at centre floats, 30 fl;. 
Length of float, 9 fl;. 
Width of float, 4 fl;. 
Number of floats, 14. 
Area of each float, 36 ft. 



Details of Paddle Wheels. 

Diameter of centre, 8 fb. 
Thickness of metal of boss, 3 J in. 
Length of boss, 2 fl;. 6f in. 
Diameter of eccentric shaft, 6f in. 
Thickness of bushes, f in. 
Area of lever shafl;, 6.4918. 
Diameter of lever shafl;, 2f in. 
Diameter of lever pin, 2f in. 
Diameter of radius rods, 2f in. 
Thickness of metal of eccentric, 1 J in. 
Diameter of boss of eccentric shafl;, 13 J in. 
Width of paddle wheel rings, 3i in. 
Thickness of paddle wheel rings, 1 J in. 
Position of rings from ends of float, 2 ft. 3 in. 



Proportions op a Land Boiler for a 20 HP 

Engine. 

Number of square feet of heating surface, 226 

sq. ft. « 

Length of boiler, 23 ft. 6 in. 
16 
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Diameter of boiler, 5 ft. 6 in. 

Diameter of tube, 2 ft. 9 in. 

Depth of water line from top of boiler, 1 ft. 10 in. 

Height of water line from top of tube, 6J in. 

Curved length of flues, 3 ft. 

Heating surface of tube, 98 sq. ft. 

Heating surface of bottom flue, 63 sq. ft. 

Heating surface of side flues, 66 sq. ft. 

Grate and fire bar surface, 18 sq. ft. 

Area of side flues, 4.5 sq. ft. 

Area of bottom flue, 4.6 sq. ft. 

Width of bottom flufe, 2 ft. 9 in. 

Width of side flue, 10 in. 

Length of grate, 6 ft. 6 in. 

Area of safety valve, 18 sq. in. 

Length of lever, 1 ft. 10 in. 

Weight in lbs. on end of lever, 81 lbs. 

Diameter of weight, 8 in. 

Depth, 6 J in. 

Pressure against valve in lbs., 720 lbs. 

Distance from point of suspension to centre of 

valve, 2 J in. 
Pressure in lbs. per square inch, 40 lbs. 



Marine Boiler (Proportions) 200 HP 

NOMINAL. 

Total heating surface of tubes, 2500 sq. ft. 
Diameier of tubes externally, 2 J in. 
Length of tubes, 6 ft. 6 in. 
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NumT:)er of tubes, 500. 

Internal diameter of tubes, 2^ in. 

Rake of inclination of tubes, 2| in. 

Water space, 5 in. 

Diameter of stays, 1 J in. 

Position of stays at rigtit angles above fire boxes, 

15 in. 
Position of stays at sides and bottom of fire boxes, 

13 in. 
Number of fire boxes, 5. 
Width of fire box at tube, 2 ft. 10 in. 
Fire bar or grate surface for one box, 20 sq. ft. 
Length of fire bar grate surface, 6 ft. 8 in. 
Width of fire bar grate surface, 3 ft. 
Kadius of top and bottom curves, 3 ft. 
Area of fire box at grate, 10 sq. ft. 
Depth of fire box at grate, 3 ft. 6 in. 
Radius for small curves, 8 in. 
Width of fire door opening, 2 ft. 8 in. 
Cubic contents of steam capacity, 600 ft. 
Height of water line above fire box at tube end, 

7 in. 
Width of fire box at back end, 18 in. 
Width of smoke box at bottom, 16 in. 
Area of opening in uptake, 15 sq. ft. 
Diameter of surface blow off pipe, 3 in. 
Diameter of bottom, 4 in. 
Area of funnel (4 boilers), 40 sq. ft. 
Diameter of funnel, 7 ft 2 in. • 
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Height of water line of ship above top of boDer, 

14 in. 
Funnel to be telescopic. 
Diameter of wheel shaft, 3 in. 
Diameter of wheel, 22 in. 
Pitch of teeth, 2 in. 
Diameter of worm,' 5 J in. 
Badius of handle, 14 in. 



Safety Valve. 

Area of valve in square inches, 33. 

Diameter of valve, 6} in. 

Diameter of valve spindle. If in 

Diameter of weight, 13 in. 

Pressure in lbs. against the valve, 660 lbs. 

Thickness of casing, | in. 

Depth of guide ribs of valve, 3^ in. 

Diameter of lifting lever of weigh shaft, If in. 

Length of lifting lever, 6f in. 

Lift of valve, If in. 



Superheating. 

Length of tubes, 3 ft. 
Total surface of tubes in square feet, 800. 
Internal diameter of tubes, 3 J in. 
Thickness of metal of tubes, J in. 
Number of tubes, 256. 
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Table of Specific Gravities. 





Weight of a Cable 




Inch In lbs. 


Copper, cast 


.3178 


Iron, cast 


263 


Iron, wrought 


.276 


Lead 


.4103 


Steel . 


.2827 


Gun metal 


3177 


Gbavity 


OF Water. 


1 cubic foot 


— 6.25 imperial gallons. 


11.2 imperial gallons 


— 1 cwt. 


224 


1 ton. 


1 cubic ft. of sea water 


— 642 lbs. 


84.9 


= 1 ton. 


277.274 cubic inches 


— 1 imperial gallon. 


1 gallon of fresh water 


— 10 lbs. 


1 gallon of sea water 


— 10.25 lbs. 


.^'%it^.L^ _ 


 



Algebraic Signs as applied in Mechanical 

Calculations. 

rrz Sight 'of equality, and signifies equal to, as 2 

added to 5 = 7. 
+ Sign of addition, and signifies plus or more, as 

4+2 = 6. 
— Sign of subtraction, and signifies minus or 

less, as 7 — 5 ^= 2. 
X Sign of multiplication, and signifies multiplied 

by, as.7x 6 = 42. 
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-r- Sign of division; and signifies divided by^ as 

20-T-5 = 4. 

_ ( evolution, or the extrao- 

^/ Sign of square root > ^.^^ ^^ ^j^^^g^ 

V Sign of cube root J _ 9^729 = 9 



Frmeklons 

of a Foot in 

Inehes. 


Deeimal . 
Value In 
Feet. 


Area in Feet.. 


Ciraamferenoe in feet. 


11 


.9166 


.6598 . 


2.879 


10 


.8833 • 


.54537 


t 2.617 


9 


.15 


.44178 


2.356 


8 


.6666 


.33779 


2.094 


7 


.5833 


.26722 


1.832 


6 


.5 


.19635 


1.57 


5 


.4166 


.1363 


1.308 


4 


.3333 


.0872^ 


1.047 


3 


.25 


.04908 


.7854 


2 


.1666 


.02179 


.5233 


1 


.0833 


.00544 


.2616 


i 


.07291 


.00417 


.22907 


1 


.0625 


.00306 


.19635 


1 


.05208 


.0028 


.16362 


'^ 


.04166 


.00136 


.130899 


1 


.03125 


.00076 


.098174 


. J 


.02083 


.00035 


.06545 


t 


.01041 


.000085 


.032719 
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Tractions of an 
Inch. 







Decimal Valae. 



L 



.968Y5 

.93Y5 

.90625 

.875 

.843Y5 

.8125 

.78125 

.75 

.71875 

.6875 

.65625 

.625 

.59375 

.5625 

.53125 

.5 



Fractions of an 
Inch. 



Decimal Value. 



.46875 

.4375 

.40625 

.375 

.34375 

.3125 

.28125 

.25 

.21875 

.1875 

.15625 

.125 

.09375 

.0625 

.03125 



BVBQH'S PBACT1CA& BQLES FOB 



A TaBLB or DiAlRTBBS, ArBAH, and ClRCmPKRENCBa o 

CiRTLea, FHOB iHMi im 110 Ikchss. 
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DuxETBBS, AsBAS, BTC. — Continued. 
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DiAMBTBRS, Abub, btc. — Contttiued. 



MODERN BNGINES AND BOILEBS. 191 

DiAKETEBs, Abbab, btr. — Continued. 
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DlAHRTKBa, ArK4H, 
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Diameters, Areas, etc. — Continued. 



Dia. 



I 

U 
* 

n 

i- 

if 

25 in. 

t 

i 

A 
t 

i 

I 

U 

J 

ii 

i 

if 

26 in. 



A 



[\ 



J 



A 
i 

ii 
i 

if 



Area. 



471.4363 
473.8447 
476.2592 
478.6798 
481.1065 
483.5395 
485.9785 
488.4237 

490.8750 
493.3325 
495.7960 
498.2657 
500.7415 
503.2236 
505.7117 
508.^2060 
510.7063 
513.2129 
515.7255 
518.2443 
520.7692 
523.3003 
525.8375 
528.3809 

530.9304 
533.4860 
536.0477 
538.6156 
541.1896 
543.7698 
546.3561 
548.9486 
551.5471 
554.1519 
556.7627 
559.3797 
562.0027 
564.6320 
567.2674 
569.4090 



Circum. 



76.9692 
77.1655 
77.3619 
77.5582 
77.7546 
77.9509 
78.1473 
78.3436 

78.5400 
78.7363 
78.9327 
79.1290 
79.3254 
79.5217 
79.7181 
79.9144 
80.1108 
80.3071 
80.5035 
80.6998 
80.8962 
81.0925 
81.2889 
Sl.4852 

81.6816 

81.8779 

82.0743 

82.2706 

82.4670 

82.6633 

82.8597 

83.0560 

83.2524 

83.4487 

83.6451 

83.8414. 

84.0378 

84.2341 

84.4305 

84.6268 



Bia. 



27 in. 

A 

i 

A 

JL 
4 

A 

3 

A 
I 
H 
f 

if 

1 

8 
if 

28 in. 
A 

A 

i 

A 

3. 
8 

A 



if 



J 



\i 



2. 

a 



if 

29 in. 

t 

A 

1 

A 
A 



Area. 



572.5566 
575.2104 
577.8703 
580.5364 
583.2085 
585.8869 
588.5714 
591.2620 
5^3.9587 
596.6616 
599.3706 
602.0858 
604.8070 
607.5345 
610,2680 
613.0078 

615.7536 
618.5051 
621.2636 
624.0279 
626.7982 
629.5748 
632.3574 
635.1462 
637.9411 
640.7422 
643.5494 
646.3627 
649.1821 
652.0078 
654.8395 
657.6774 

660.5214 
663.3716 
666.2278 
669.0902 
671.9587 
674.8335 
677.7143 
•680.6013 



Circnm. 



84.8232 
85.0195 
85.2159 
85.4122 
85.6086 
85.8049 
86.0013 
86.1976 
86.3940 
86.5903 
86.7867 
86.9830 
87.1794 
87.3757 
87.5721 
87.7684 

87.9648 
88.1611 
88.3575 
88.5538 
88.7502 
88.9465 
89.1429 
89.3392 
89.5356 
89.7319 
89.9283 
90.1246 
90.3210 
90.5173 
90.7137 
90.9100 

91.1064 
91.3027 
91.4991 
91.6954 
91.8918 
92.0081 
92.2845 
92.4808 
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DiAarTEBB, Areas, ETC. — CotUmusd. 
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DiAMETEBs. Akkas. btc. — ContnMed. 



i 



i 

?€ 
i 

i 

i 

if 

40 in. 

i 



n 

i 

I'' 

u 

1' 

If 



225.4203 
229.3lil3 
2:«.l^»!4 
237.0^17 
240.9810 
244.8866 
24«.79to2 

252.7161 

I 

256.6400 

260.5701 

264.5062 

26H.44t^6 

272.3970 

276.3517 

280;6124 

284.2793 

288.2523 

292.2315. 

296.2168 

300.2082 

304.2057' 

:iOH.2095' 

312.2193| 

316.2353 

320.2574 
324.2857 
328.3200 
332.:iG05 
336.4071 
340.4600 
:^4.5189 
348.5840 
352.6551 
356.7325 
360.8159 
364. 9055 
369.0012 

373.io:u 

377.2111 
381.3253 



124.0932 
124.2>?95 
124.4859 
124.6^22 
124.87^*6 
125.0749 
125.2713 
1-25.4676 

125.6640 
125.8603 
126.0567 
126.2530 
126.4494 
126.6457 
126.8421 
127.0384 
127.2348 
127.4311 
127.6275 
127.8238 
128.0202 
128.2165 
128.4129 
128.6092 

128.8056 
129.0019 
129.1983 
129.3946 
129.5910 
129.7873 
129.9837 
130.1800 
130.3764 
130.5727 
130.7691 
130.9654 
131.1618 
131.3581 
131.5545 
131.7508 



42 in. 

f 

i 
A 

\ 

A 

I 

\k 

\ 

M 

i 

\% 

43 in. 

A 

* 

A 



!l 



A 

* 
A 

A 



U 

i 

i 
M 

44 in. 

i 
i 



1385.4456 

1389.5720 

l393L7a45 

1397J&432 

1401.9680 

1406.1390 

1410.2961 

1414.4594 

1418-6287 

.1422.8<H3i 

.1426.9859 

1431.1737. 

.1435.3675; 

.1439.5676 

1443.7738 

^447.9862 

1452.2046 

1456.4292' 

1460.6599; 

1464.8968, 

'1469.1397; 

1 1473.3839; 

|1477.6342. 

a48l.9006| 

1486.1731 

1490.4468 

f494.7266 

1499.0126 

1503.3046 

1507.6029 

1511.9072 

1516.2178 

1520.5344 
1524.8572 
1529.1860 
1533.5211 
1537.8622 
1542.2046 
1546.5530 
1550.9176 



13L9472 

132.1435 

132.3399 

132.5362 

132.7326 

132.9289 

133.1253 

133.3216 

133.5180 

133.n43 

133.9107 

134.1070 

134.3034 

134.4997 

134.6961- 

134.8924 

135.0888 
135.2851 
135.4815 
135.6778 
135.8742 
136.0705 
136.2669 
136.4632 
136.6596 
136.8559 
137.0523 
137.2486 
137.4450 
137.6413 
137.8377 
138.03^ 

138.2304 
138.4267 
138.6231 
138.8194 
139.0158 
139.2121 
139.4085 
139.6048 



MODEBN ENQtSES ASD BOILERS. 197 

Diameters, Arras, kto. — Contmtied. 



198 buboh's practical bulbs for 

DiAMETEBs, Abbah, bto. — Continued. 



MODEBN ENGINES AND rOILERS. 199 

i, Areas, btc. — Contmued. 



200 BDItOfl's PRACTICAL BULES FOB 

DiAHRTERS, AnnAH, KTC. — Cofittnt^d. 



MODERN EN^QIIfES AND BOILEBS. 201 

DiAMETEBS, Areab, ETC, — Continued. 



802 BUROH'S PRACnOAL BULE3 POR 

DiAuerRRB, Arkah, etc.— Continued. 



MODERN ENQUTES AND BOILEBS. 
Diameters, Areas, etc. — Continued. 



»" 


i 


4686.921 S 


242.6886 


\'e 


t' 


4694.5097 


242.8849 


i 


4702.1039 


243.081;! 


11 




4709.7033 


243.2776 




4717.3087 


243.4740 


75 in. 




4724.9204 


243.6703 


!'' 


4732..'>381 


£43.8667 




4740.1620 


244.0630 


I'l 




4747.'I920 


2U.2594 


Y 




4755.8782 


244.4557 


A 


4763.0705 


244.6521 


S 




4771.1690 


244.8484 


t 


niTL 


4778.3736 


245.0448 


,'> 


t 


4786.0344 


245,2411 


k 


4793.7012 


245.4375 


i 


t 


4801.3732 


245.6338 




4809.0512 


245.8302 


i 


A 


4817.1375 


246.0265 




i 


4824.4299 


246.2229 


i 


A 


4832.1275 


246.4192 


i 


4839.8all 


246.6156 


16 in. 


t 


4847.5409 


246.8119 


i' 


4S55.256H 


247.0083 


i' 


4862.9789 


247.2046 


i; 


4870.7071 


247.4010 


!i 


4878.4415 


247.5973 


-i 


4886.1820 


247.7937 


a 


4893.9287 


247.9900 




19 m. 


4901.6814 


248.1864 


A 


4909.4403 


248.;«27 


1 


i 


4917,20i>3 


248.5791 


1 


A 


4924.9755 


248.7154 


i 


4932.7017 


248.9718 


i 


A 


4940.f>:i62 


249.1681 


f 


4948.3268 


249.3645 


1 




495G.1225 


249.5608 



201 BURGB^S FBACnOAI. BULBS FOB 

DiAXETBBS, AbEAS, 



KODEBN ENGINSS AND BOILER^. 205 

DjjMsnns, Akeas, etc. — Continued. 



20S BUBOH'a PBAcnai.L rdlss fob 

DiAXKTBite, Arbas, 



MODERN" ENGINES AND BOILERS. 
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Diameters, Areas, etc. — Continued. ' 



i>u. 



i 



95 in. 



<r 



V 



A(ea. 



Circuin. 



n 



7013.8183] 
7023.0988 
7032.3853 
7041.6784 
7050.9775 
7060.2827 
7069.5940 
7075.9116 

7088.2352 
7097.5738 
7106.9005 
7116.7415 
7125.5885 
7134.9443 
7144.3052 
7153.6717 
7163.0443 
7172.4230 
7181.8077 
7191.1989 
7200.5962 
7209.9096 
7219.4090 
7228.8248 

7238.2466 
7247.6741 
7257.1083 
7266.5474 
7275.9926 
7285.4461 
7294.9056 
7304.3703 
7313.84li 
7323.3179 
7332.8008 
7342.2902 
7351.7857 
7361.2873 
7370.7949 
7380.3088 



296.8812 
297.0775 
297.2739 
297.4702 
297.^666 
297.8629 
298.0593 
298.2556 

298.4520 
298.6483 
298.8447 
299.0400 
299.2374 
299.4337 
299.6301 
299.8264 
300.0228 
300.2191 
300.4155 
300.6118 
300.8082 
301.0045 
301.2009 
301.3972 

301.6936 
301.7899 
301.9863 
302.1826 
302.3790 
302.5753 
302.7717 
302.9680 
303.1644 
303.3607 
303.5571 
303.7534 
303.9498 
304.1461 
304.3425 
304.5388 



i 






98 in. 




9 



Area. 



7389.8288 
7399.3548 
7408.8868 
7418.6241 
7427.9675 
7437.5192 
7447.0769 
7456.6398 
7466.2087 
7475.7837 
7485.3648 
7494.9524 
7504.5460 
7514.1457 
7523.7515 
7533.3636 

7542.9818 
7552.6060 
7562.2362 
7575.8717 
7581.5132 
7591.1630 
7600.8189 
7610.4800 
7620.1471 
7629.8203 
7639.4995 
7649.1853 
7658.8771 
7668.5750 
7678.2790 
pf687.9893 

7697.7056 
7707.4279 
7717.1563 
7726.8900 
7736.6297 
7746.3777 
7756.1318 
7765.8910 



Circura. 



304.7352 
304.9315 
305.1279 
305.3242 
305.5206 
305.7169 
305.9133 
306.1096 
306.3060 
306.5023 
306.6987 
306.8950 
307.0914 
307.2877, 
307.4841 
307.6804 

307.8768 
308.0731 
308.2695 
308.4658 
308.6622 
308.8585 
309.0549 
309.2512 
309.4476 
309.6439 
309.8403 
310.0366 
310.2330 
310.4293 
310.6257 
310.8220 

311.0184 
311.2147 
311.4111 
311.6074 
311.8038 
312.0001 
312.1965 
312.3928 



BDBOH'S PBACnCAL BDLES FOB 
DuMBTBRB, Abkas, ktc. — Contttuied. 
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A Tabi£ of DiAifETERS, Abeas, axd Circumferkkcbs of 
CmcLES, IS Feet, from 1 to 50 Feet. 



DiA-in 

Feet A 

Ins. 


Area in 
Feet. 


1 ft. 


.7854 


1 


- .9217 


2 


1.0690 


3 


1.2271 


4 


1.3962 


5 


1.5761 


6 


1.7671 


7 


1.9689 


8 


2.1816 


9 


2.4052 


10 


2.6398 


11 


2.8852 


2 ft. 


3.1416 


1 


3.4087 


2 


3.6869 


3 


3.9760 


4 


4.2760 


5 


4.5869 


6 


4.9087 


7 


5.2413 


8 


5.5850 


9 


5.9395 


10 


6.3049 


11 


6.6813 


3 ft. 


7.0686 


1 


7.4666 


2 


7,8757 


3 


8.2957 


4 


8.7265 


5 


9.1683 


6 


9.6211 


7 


10.0846 


8 


10.5591 


9 


11.0446 


10 


11.5409 ^ 


11 


12.0481 


4 ft. 


12.5664 


1 


13.0952 



Cfrcam. 


Dia. in 


in Fevtt 


Feet A 


Inches. 


Ins. 


3 If 


2 


3 4| 


3 


3 8 


4 


3 11 


5 


4 2i 


6 


4 5t 


7 


4 8^ 


8 


4 111 


9 


5 2} 


10 


5 6i 


11 


5 9 


5 ft. 


6 2i 


1 


6 3f 


2 


6 4 


3 


6 9r 


4 


7 OJ 


5 


7 3J 


6 


7 7 


7 


7 lOi 


8 


8 If 


9 


8 ^ 


10 


8 7| 


11 


8 lOf 


6 ft. 


9 li 


1 


9 5 


2 


9 .8i 


3 


9 111 


4 


10 2i 


5 


10 5J 


6 


10 8i 


• 7 


10 Hi 


8 


11 3 


9 


11 6J 


10 


11 9i 


11 


12 Oi 


7 ft. 


12 3| 


1 


12 6i 


2 


12 9J 


3 



Area in 
Feet. 



13.6353 

14.1862 
14.7479 
15.3206 
15.9043 
16.4986 
17.1041 
17.7205 
18.3476 
18.9858 
19.6350 
20.2947 
20.9656 
21.6475 
22.3400 
23.0437 
23.7583 
24.4835 
25.2199 
25.9672 
26.7251 
27.4943 
28.2744 
29.0649 
29.8668 
30.6796 
31.5029 
32.3376 
33.1831 
34.0391 
34.9065 
35.7847 
36.6735 
37.5736 
38.4846 
39.4060 
40.3388 
41.2825 



(Srcom. 

in Feet A 

Incites. 



3 1 
3 4i 

3 ^i 

3 10^ 

4 1| 
4 4| 

4 11 

5 2i 
5 5^ 
5 8^ 
5 llf 

2J 



6 

6 
6 

7 
7 
7 



6i 
9 

Oi 
3i 

H 

7 9| 

8 OJ 
8 Si 
8 7* 

8 lOi 

9 li 
9 4f 
9 7J 
9 10| 

20 IJ 
20 ^ 
20 Si 

20 llj 

21 2i 
21 5^ 
21 8} 

21 llj 

22 3 
22 6i 
22 9i 



SIO BQBOH'S FKACnCAL BULBS FOB 

DlAHETHBS, AbIH*, 
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Diameters, Areas, etc. — Continued. 



Dis. in 

Feet A 

Ins. 

8 

9 

10 

11 

14 ft. 

1 
2 
3 
4 
5 
6 
7 
8 

10 
11 

15 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

16 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 



Area in 
Feet 



146.6949 
348.4896 
150.2943 
152.1109 
153.9384 
155.7758 
157.62.50 
159.4852 
161.3553 
163.2373 
165.1303 
167.0331 
168.9479 
170.8735 
172.8091 
174.7565 
176.7150 
178.6832 
180.6634 
182.6545 
184.6555 
186.6684 
188.6923 
190.7260 
192.7716 
194.8282 
196.8946 
198.9730 
201.0624 
203.1615 
205.2726 
207.3946 
209.5264 
211.6703 
213.8251 
215.9896 
218.1662 
220.3537 



Circum. 


Dia. in 


in Feet & 


Feet* 


Inches. 


Ins. 


42 Hi 


10 


43 2:i 


11 


43 5^ 


17 ft. 


43 81 


1 - 


43 11^ 


2 


44 2J 


3 


44 6 


4 


44 9i 


5 


45 01 


6 


45 3^ 


7 


45 6| 


8 


45 9} 


9 


46 01 


10 


46 4 


11 


46 7^ 


18 ft. 


46 lU 


1 


47 li 


2 


47 ^ 


3 


47 7| 


4 


47 10^ 


5 


48 2i 


6 


48 ^ 


7 


48 84 


8 


48 111 


9 


49 2| 


10 


49 5f 


11 


49 81 


19 ft. 


50 


1 


50 3i 


2 


50 6i 


3 


50 9| 


4 


51 OA 


5 


51 3a 


6 


51 6i 


7 


51 10 


8 


52 li 


9 


52 4i 


10 


52 7| 


11 



Area in 
Feet. 



222.5510 
224.7603 
226.9806 
229.2105 
231.4525 
233.7055 
235.9682 
238.2430 
240.5287 
242.8241 
245.1316 
247.4500 
249.7781 
252.1184 
254.4696 
256.8303 
259.2033 
261.5872 
263.9807 
266.3864 
268.8031 
271.2293 
273.6678 
276.1171 
278.5761 
281.0472 
283.5294 
286.0210 
288.5249 
291.0397 
293.5641 
296.1107 
298.6483 
301.2054 
303.7747 
30^.3550 
308.9448 
311.5469 



Circnm. 


in Feet * 


Inches. 


52 


lOi 


53 


u 


53 


4* 


53 


8 


63 


11* 


54 


n 


54 


H 


54 


Qi 


54 


ii« 


55 


2J 


55 


6 


55 


9* 


56 


Oi 


56 


3i 


56 


6* 


56 


H 


57 


Oi 


57 


4 


57 


u 


57 


lOi 


58 


1* 


58 


H 


58 


^ 


58 


lOJ 


59 


2 


59 


5* 


59 


8i 


59 


11* 


60 


2* 


60 


5| 


60 


8J 


60 m 


61 


3* 


61 


6i 


61 


H 


62 


Oi 


62 


3« 


62 


n 



BDBGH'S FBACnOAL RULKS FOB 
DiAXcnsB, Akkab, 
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Diameters, Areas, etc. — C(mtinv£d. 



Dia. in 

Feet A 

Ina. 

4 
5 

6 
7 
8 
9 
10 
11 

27 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

28 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
XI 

29 ft. 

1 
2 
3 
4 
5 



Area in 
Feet. 



544.6299 

548.0830 

551.5471 

555.0201 

558.5059 

562.0027 

565.5084 

569.0270 

572.5566 

576.0949 

579.6463 

583.2085 

586.7796 

590.3637 

593.9587 

597.5625 

601.1793 

604.8070 

608.4436 

612.0931 

615.7536 

619.4228 

623.1050 

626.7982 

630.5002 

634.2152 

637.9411 

641.6758 

645.4235 

649.1821 

652.9495 

656.7300 ^ 

660.5214 

664.3214 

668.1346 

671.9587 

675.7915 

679.6375 



Circum. 


Dia. in 


in Feet & 


Feet ft 


Inches. 


Ins. 


82 8| 


6 


82 llj 


7 


83 3 


8 


83 6i 


9 


83 9i 


10 


84 Of 


11 


84 Si 


30 ft. 


84 6| 


1 


84 91 


2 


85 1- 


3 


85 4i 


4 


85 8^ 


5 


85 11^ 


6 


86 li 


7 


.86 ^ 


8 


86 7J 


9 


86-11 


10 


87 2i 


11 


87 5i 


31ft. 


87 8| 


1 


87 Hi 


2 


88 2| 


3 


88 5| 


4 


88 9 


5 


89 0^ 


6 


89 3i 


. 7 


89 6| 


. 8 


89 9i 


9 


90 Of 


10 


90 3J 


11 


90 -6^ 


32 ft. 


90 11* 


1 


91 li 


2 


91 ^ 


3 


91 -7* 


4 


91 lOf 


5 


92 If 


6 


92 ^ 


7 



Area in 
Feet. 



683.4943 
687.3598 
691.2385 
695.1280 
699.0263 
702.9377 
706.8600 
710.7909 
714.7350 
718.6900 
722.6537 
726.6305 
730.6183 
734.6147 
738.6242 
742.6447 
746.6738 
750.7161 
754.7694 
758.8311 
762.9062 
766.9921 
771.0866 
775.1944 
779.3131 
783.4403 
787.5808 
791.7322 
795.8922 
800.0654 
804.2496 
808.4422 
812.6481 
816.8650 
821.0904 
825.3291 
829.5787 
833.8368 



Circnm. 

in Feet & 

Inches. 

92 Si 

92 11* 

93 21 
93 5* 
93 8f 

93 11* 

94 2* 
94 6 

94 9i 

95 Ot 
95 3* 
95 ^ 

95 9^ 

96 O'i 
96 4 
96 7i 

96 10| 

97 1* 
97 4j 
97 7J 

97 10| 

98 2 
98 5* 
98 8| 

98 11* 

99 2§ 
99 5J 
99 8* 

100 

100 3* 

100 6| 

100 9* 

101 ot 
101 3J 
101 6* 

101 10 

102 1* 
102 44 
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burgh's practical rulss fob 



Diameters, Areas, etc. — Contifwed. 



Dia.in 
V«et* 
Inches. 

8 

9 

10 

11 

33 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

34 ft 

1 
2 
3 
4 
5 

• 

6 
7 
8 
9 
10 
11 

35 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 



Area in 

Veet. 



838.1082 
842.3905 
846.6813 
850.9855 
855.3006 
859.6240 
863.9609 
868.3087 
872.6649 
877.0346 
881.4151 
885.8040 
890.2064 
894.6196 
899.0413 
903.4763 
907.9224 
912.3767 
916.8445 
921.3232 
925.8103 
930.3108 
934.8223 
939.3421 
943.8753 
948.4195 
952.9720 
957.5380 
962.1150 
966.7001 
971.2989 
975.9085 
980.5264 
985,1579 
989.8003 
994.4509 
999.1151 
1003.7902 



OircQBi. 


Dia. in 


in Feet A 


Veet * 


Inches. 


Ins. 


102 7i 


10 


102 lOJ 


11 


103 li 


36 ft. 


103 ^ 


1 


103 8 


2 


103 Hi 


3 


104 2i 


4 


104 ^ 


5 


104 8| 


6 


104 Hi 


7 


105 2i 


8 


105 6 


9 


105 9i 


10 


106 Oi 


11 


106 3t 


37 ft 


106 6§ 


1 


106 9i 


2 


107 Oi 


3 


107 4 


4 


107 7i 


5 


107 lOi 


6 


108 IJ 


7 


108 4t 


8 


108 7^ 


9 


108 10^ 


10 


109 2 


11 


109 5i 


38 ft 


109 8i 


1 


109 Hi 


2 


110 2§ 


. 3 


110 5^ 


4 


110 8^ 


5 


lil 


6 


111 H 


. 7 


111 6i 


8 


111 9^ 


9 


112 ^0^ 
112 ^6i 


10 


11 



v Areain 
Feet. 



1008.4736 

1013.1705 

1017.8784 

1022.5944 

1027.3240 

1032.0646 

1036,8134 

1041.5758 

1046.3491 

1051.1306 

1055.9257 

1060.7317 

1065.5459 

1070.3738 

1075.2126 

1080.0594 

1084.9201 

1089.7915 

1094.6711 

1099.5644 

1104.4687 

1109.3810 

1114.3071 

1119.2440 

1124.1891 

1129.1478 

1134.1176 

1139.0953 

1144.0b68 

1149.0892 

1154.0997 

1159.1239 

1164.1591 

1169.2023 

1174.2592 

1179.3271 

1184.4030 

1189.4927 



""* 1 

Gircom. 

in Feet A 

Inches. 

12 64 
L12 10 
L13 n 

13 U 
.13 7t 
.13 104 
.14 14 
.14 4J 
.14 8 

14 lU 
.15 2i 

15 5i 

15 9i 
.15 Ul 
.16 2J 
.16 6 

16 9* 
.17 Oi 

17 3i 
.17 el 
17 9| 

.18 Oi 
.18 4 
.18 7i 
.18 104 
.19 If 
.19 4i 
19 7g 
.19 10| 
.20 2 
.20 ' 5i 
.20 S% 
.20 llf 
.21 2^ 
.21 54 
.21 8^ 
.21 ll| 
.22 3^ 
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DiAMETEBS, Abeas, ETC. — C&ntinued, 



Dia.' in 

Feet * 

Ins. 

39 ft. 

1 

2 

3 

4 

^ 6 

6 

7 

8 

9 

10 

11 

40 ft. 

1 

. 2 

3 

'4 
5 
6 
7 
8 
9 

10 

11 
41ft. 
1 
2 
3 
4 
5 
6 
• 7 
8 
9 

10 

42 ft. 
1 



Area in 
Feet. 



1194.5934 
1199.7196 
1204.8244 
1209.9577 
1215.0990 
1220.2542 
1225.4203 
1230.5943 
1235.7822 
1240.9810 
1246.1878 
1251.4084 
1256.6400 
1261.8794 
1267.1327 
1272.3970 
1277.6692 
1282.9553 
1288.2523 
1293.5572 
1298.8760 
1304.2057 
1309.5433 
1314.8949 
1320.2574 
1325.6276 
1331.0119 
1336.4071 
1341.8101 
1347.2271 
1352.6551 
1358.0908 
1363.5406 
1369.0012 
1374.4697 
1379.9521 
1385.4456 
1390.2467 



Gircum. 


Dia. in 


ili Feet & 


Feet A 


Inches. 


Ins. 


122 64 


2 


122 ^ 


3 


123 Oi 


4 


123 3| 


5 


123 6| 


6 


123 9J 


7 


124 li 


8 


124 4i 


9 


124 7i 


10 


124 lOi 


11 


125 1| 


43 ft. 


125 4i 


1 


125 n 


2 


125 11 


3 


126 2i 


4 


126 5| 


5 


126 ^ 


6 


126 111 


7 


127 2i 


8 


127 5J 


. 9 


127 9 


10 


128 Oi 


11 


128 3f 


44 ft. 


128 ^ 


1 


128 9| 


2 


129 Of 


3 


129 ^ 


4 


129 7 


5 


129 lOi 


6 


130 If 


7 


130 ^ 


8 


150 7| 


9 


130 10| 


lo- 


131 \i 


ll 


131 5 


45 ft. 


131 8i 


1 


131 11| 


2 


132 2^ 


3 



Area in 
Feet. 



1396.4619 

1401..9880 
1407.5219 
1413.0698 
1418.6287 
1424.1952 
1429.7759 
1435.3675 
1440.9668 
1446.5802 
1452.2046 
1457.8365 
1463.4827 
1469.1397 
1474.8044 
1480.4833 
1486.1731 
1491.8705 
1497.5821 
1503.3046 
1509.0348 
1514.7791 
1520.5344 
1526.2971 
1532.0742 
1537.8622 
1543.6578 
1549.4676 
1555.2883 
1561.1165 
1566.9591 
1572.8125 
1578.6735 
1584.5488 
1590.4350 
1596.3286 
1602.2366 
1608.1555 



Circnm. 

in Feet & 

Inches. 

132 5| 
132 8i 

132 ll| 

133 3 
133 6i 

133 9i 

134 0^ 
134 3| 
134 6t 

134 ^ 

135 1 
135 4J 
135 7i 

135 lOJ 

136 1| 
136 43 
136 7| 

136 11 

137 2i 
137 5i 
137 8i 

137 111 

138 2| 
138 5J 

138 9 

139 Oi 
139 3i 
139 6| 

139 9| 

140 Of 
140 m 
140 7^' 

140 10| 

141 \\ 
141 4| 
141 7i 

141 10} 

142 IJ 
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DiAMETEBS, Abbas, btc. — Continued. 



DfaLin 
FMtA 
Inchas. 

4 
5 
6 
7 
8 
9 
10 
11 

46 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

47 ft. 

1 
2 
3 
4 
5 
6 
7 
8 



in 
Feet. 



1614.0819 
1620.0226 
1625.9743 
1631.9334 
1637.9068 
1643.8912 
1649.8831 
1655.8892 
1661.9064 
1667.9308 
1673.9698 
1680.0196 
1686.0769 
1692.1485 
1698.2311 
1704.3210 
1710.4254 
1716.5407 
1722.6634 
1728.8005 
1734.9486 
1741.1039 
1747.2738 
1753.4545 
1759.6426 
1765.8452 
1772.0587 
1778.2795 
1784.5148 



GUcam. 

in Feet A 

Inches. 



42 5 

42 8i 

42 Hi 

43 2} 
43 5^ 
43 8f 

43 Hi 

44 3 
44 6i 

44 9i 

45 OJ 
45 ^ 
45 6J 

45 9i 

46 li 
46 4^ 
46 7i 

46 lOf 

47 li 
47 4f 
47 7J 

47 11 

48 2* 
48 5i 
48 8f 

48 Hi 

49 2| 
49 ^ 
49 8J 



Dia. in 

Feet k 

Ink 



9 
10 
11 

48 ft. 

1 
2 
3 

4 
5 
6 

7 

8 

9 

10 

11 

49 ft. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

50 ft. 



Area in 
Feet. 



1790.7610 

1797.©145 
1803.2826 
1809.5616 

1815.8477 
1822.1485 
1828.4602 
1834.7791 
1841.1127 
1847.4571 
1853.8087 
1860.1750 
1866.5521 
1872.9365 
1879.3355 
1885.7454 
1892.1724 
1898.5041 
1905.0367 
1911.4965 
1917.9609 
1924.4263 
1930.9188 
1937.3159 
1943.9140 
1950.4392 
1956.9691 
1963.5000 



GtrciiBL 


in Feet A 


Inches. 


150 


Oi 


150 


H 


150 


H 


150 


H 


151 


n 


151 


^ 


151 


6* 


151 


10* 


152 


li 


152 




152 


7J 


152 


lOf 


153 


li 


153 


^ 


153 


8* 


153 


Hi 


154 


2* 


154 


5i 


154 


84 


154 


Hi 


155 


2i 


155 


6 


155 


n 


156 


0* 


156 


^ 


156 


6« 


156 


9} 


157 


Oi 



SYNOPTICAL INDEX. 



Hioh-Prxssube Enoine 11 

Cylinder 16 

Cross-Head or Connecting Pin... 23 

Connecting Rod 24 

Crank and Sliafts 29 

Designing 12 

Eccentric 26 

Eccentric Rod, Band, and Bolts. 27 

Fly-Wheel 30 

Feed Punip 31 

Feed Pump ReUef Yalve 33 

Gnide Block .-... 23 

Governor 34 

Horse Power (Nominal) 13 

Main Framing 27 

Power 13 

Power (Actual) 15 

Piston 22 

Piston Rod 23 

Stuffing Box and Gland 19 

Steam Port (Supply) 20 

Slide Valve 20 

Slide Casing 21 

Heam Engiitb (Condensing) 36 

Beani 42 

Beam. Wrought Iron 43 

Cylinder. Thickness 38 

Qrank, Oast Iron 46 

Crank Shaft 45 

Crank, Wrought Iron 46 

Condenser 50 

Connecting Rod 44 

Eccentric Rod 47 

Fly-Wheel 49 

Gear for Working Slide Valve... 46 

Pumps, Air and Feed 50 

Parallel Motion 40 

Ports 37 

Power 87 

Makinb Sorkw Engines 61 

Air Pumps 65 

Air Pump Piston 69 



Banjo Frame 97 

Cylinder 55 

Condenser 65 

Connecting Rod 76 

Connecting Rod, Single Ends.... 77 

Crank and Shaft 81 

Casing (Valve) 61 

Common Slide Valve 56 

■Common Slide 57 

Common EquHibrium Slide 58 

Coupling, Wrought Iron 87 

Donkey Engine 123 

Exhaust Steam Pipe 68 

Eccentric, Rods, Bands, and 

Bolts 80 

Exhaust Relief Slide Valve 57 

Exhaust Relief Equilibiium 

Slide Valve 68 

EquUibrium Slide Valve 58 

Frame, Banjo, for Large En- 
gines 99 

Feed Pump 70 

Frame, Main 81 

Frame, Banjo, for Small Engines 98 

Guide Blocks 71 

Guide Block, Common 72 

Guide Block, T, and Croe» Head 73 

Guide Frame 74 

Griffiths' Screw Propeller, Pro- 
portions of. 92 

Ii^jection Valve 67 

Injection Area .'. 68 

Power, Nominal 64 

Piston 62 

Piston Roj}, and Stuffing Box... 64 

Power for Screw PropeUer 92 

Slide Valve lank Motion 77 

SoHd Link 78 

Screw Propeller ,„.... 89 

Screw Propeller, Pitch of. 02 

Screw Propeller, Griffiths* Pat- 
ent 92 

Stem Bracket 100 

SurfiM^ Condensation 120 
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SYNOPTICAL INDEX, 



Btern Tnbe and Stuffln^ Box.... 87 
Thrust BRwk aqd Screw Shaft.. 83 
Turning Gear and Cuiipllng....,^ 86 

TwiD Screw Propulsion 132 

Talve Casing 61 

Talyes, for Air Pump (K» 

Valve SeaUug 66 

TalTes, Arrangement oC 65, 66 

OsciLLAvnre SiroxMKS 101 

Air Pump 106 

Gondenser 106 

Crank Shaft 107 

. Crank Pin 108 

Cranks 108 

CyUnder, Thickness of Metal.... 103 

Disengaging Gear 106 

Entablature. 109 

Length of Stroke 103 

Lower Frame 109 

Power, Nominal 102 

Piston Rod 104 

Paddle Wheels 110 

Paddle Wheels, Feathering Ill 

Starting Gear for Screw and 

Paddle Engines 112 

Starting Gear, Position of. 113 

Trunnions and Steam Passages.. 105 

Talvbs, XT€ 116 

Cylinder Relief Valve 117 

Expansion Valve 118 

Exhaust Water Valve 123 

Kingston Valve.. ,» 115 

LAin> AND Maunx Boilxrs 124 

Land Boilers, Proportions of..... 124 

Lifting Gear for Funnel 129 

Marine Boilers 127 

Safety Valve, Land 126 

Safety Valves, Marine :... 130 

Superheating 131 

HlSCKLLANBOUS ;. 132 

Coal Bunkers, Marine 143 

Decimals, etc 147 

Eccentric, Potdtion o^ for Land 

Engines 133 

Eccentric, Position of, for Siarine 

Screw Engines ]S4 

Fire Bars 143 

Keys and Cotters 139 

Link for Land Engine, Radius 

of 133 

Levers 138 

Link fbr Oscillating Engine, Ra- 
dius of. 135 

Link for Marine Screw Engine, 

Radius of. 134 

Proportions of Connecting Rods 

having Strap Ends 137 

' Paddle Wheels, Centres of Ra- 
dius Rods 136 



Plummer Blocks 140 

Proportion of Steam Cocks with 
Plugs secured by Nuts and - 

Screws 145 

Proportion of Marine Cocks, 147, 148 
Proportions of Bolts, Nuts, etc-. 149 
Proportions of fins, Studs, 

Flanges, etc 150 

Prqixn-tions of Ct^per Pipes 161 

Proportions of Engines 152 

Sliding QuadranC. 135 

Toothed Wheels (Geoitag) 141 

PBOPoanoNB er Enqinxs pbo- 

DUCKD BT THl BULBS 152 

Proportions of an Engine 20 UP 

Nominal 152 

Cylinder .". ., 166 

(>ues-Head or Connecting Pin... 155 

Connecting Rod 156 

Crank and Shaft 158 

Eccentric 150 

Eccentric Band and Bolts 157 

Framing, Main 157 

Fly-Wheel 158 

Feed Pump 159 

Feed Pump Relief Valve 160 

Governor 160 

Guide Block '. 155 

PiaUm 154 

Piston Rod 155 

Ports 153 

Slide Casing. 164 

Proportions of a Condensing 
Beam Engine, 150 HP Nom- 
inal J... 161 

Cylinder 161 

Connecting Rod 163 

Crank Shaft 163 

Crank 163 

Fly-Wheel 164 

Gear for Working Valves 164 

Main Beam 162 

Parallel Motion r.... 162 

Pumps 164 

Proportions of a Pair of Marine 
Engines of200 HP Collectively 165 

Air Pump ; 167 

Banjo, or Lifting Frame 176 

Coupling 176 

Cylinder 165 

Condenser 167 

Connecting Rod ^ 170 

Crank and Shaft 172 

Eccentric Bands, Bolts, and 

Rods 171 

Feed Pump 169 

Guide Block 169 

Guide Frame 170 

Link (Solid) 171 

Main Frame 173 
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Propeller. 176 

Tube and Stii£Bng Box.... 175 



»n 166 

rn Tube 

:n Bracket 177 

)w Shaft Block 173 

.6 Valve 166 

net Block 173 

ntng Gear and Cionpling 174 

ve &8ing 166 

ves i. 168 

portions of a Pair of Oscil- 
iting Engines of 400 HP Col- 

ictively 177 

Pump and Omdenser....*.... 179 

Inder 177 

nk Shaft 179 

nk Pin...«.;...... 179 

nks 180 



Entablature 180 

Lower Frame 180 

Paddle Wheel 180 

Paddle Wheel, Details of. 181 

Trunnions and Steam Passages. 178 

Proportions of Boilers 181 

Proportions of -a Land Boilmr 20 

HP „ ,.. 181 

Proportions of a Blarine Boiler 

200 HP 182 

Safety Valve 184 

Superheating 184 

Signs (Algebraic) 185 

Table of Specific Gravities 185 

Table of Circles (Inches) 188 

Table of Circles (Feet) 209 

Water, Gravity of. 185 



THE END. 
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American Miller and Millwright's Assistants 

A new and thoroughly revised Edition, with additional 
Engravings. By William Carter Hughes. In one vol- 
ume, 12 mo., $1.25 

Annengaud, Amoronx, and Jobinson. 

THE PRACTICAL DRAUGHTSMAN'S BOOK OF INDUS- 
TRIAL DESIGN, and Machinist's and Engineer's Drawing 
Companion ; forming a complete course of Mechanical 
Engineering and Architectural Drawing. From the French 
of M. Armengaud the elder, Prof, of Design in the Con- 
servatoire of Arts and Industry, Paris, and MM. Armen- 
gaud the younger, and Amouroux, Civil Engineers. Re- 
written and arranged, with additional matter and plates, 
selections from and examples of the most useful and 
generally employed mechanism of the day. By William 
Johnson, Assoc. Inst. C. E., Editor of *'The Practical 
Mechanic's Journal." Illustrated by fifty folio steel 
plates and fifty wood-cuts. A new edition, 4to.,... $10.00 

Among the contents are i—tAnear Drawing fBtifinUioiiu ani PrtMemt, 
Pate I. Applications, Designs for Inlaid Pavements, Ceilings and 
Balconies, Plate 11. Sweeps. Sections and Mouldings, Plate II L £!• 
mentary Gothic Forms -and Rosettes, Plate IV. Ovals, EUlpMSi 
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I  ^.^1— — ^— ^^p—  mi |,«ii«iii ^M^— — II. ■■■■!■ I 11  I I  I I I I ,1 11 

Parabolas and Volutes, Plate V. Rules and Fraetioal Data. Study o^* 
Pr(HecHoP4j Elementary Principles. Plate VI. Of Prisms and other 
Solids, Plate VII. Rules and Practical Data. On Cohring SectionSj with 
Xm»//cnfi(mt— Conventional Colors, Composition or Mixture of Colors, 
Plate X. C$niiniuai9n of the Study of PrqfectioM-^Vw of sectiona— de- 
tMls of naebinery, Plate XL Simple appUeatlojMi— (iplndles, shafto, 

Couplings^ wooden patterns, Plate XIL ^ethotl of oonstru^tlnSt a 
rooden model or pattern of a coupling, ^lemehtarf aj^fetftfoui— 
rails and chairs for railways, Plate XIII. HuUi and Pmctictd DtJa^ 
Strength of material. Resistance to compression or crushing force, 
Tensional Resistance, Resistance to flexure, Res^tance to torsion, 
Friction of surfaces in eontact. 

This Im-siisECTioir ano Dxysxoi>H^NT or Svbfacss, with Ar- 
PLICATION8.—TA0 Initriection of CfMndefs and Cone», Plata KIV. T^ 
DelineaHon and Devdomnent of HaiceSj Screws and Serpentinetf Plate 

XV. Application of the helix— the construction of a staircase, Plate 

XVI. The Intersection of sarfaces-^pplicalloBS to stop-cocks, Plate 
XVJI. Rules and Practical Doto— Steam, Unity of heat, Heating surface. 
Calculation of the dimensions of boilers, Dimensions of iTregrates, 
Chimneys, Safsty-valTes. 

The Studt and Construction or Toothed Gear.— Involute, cy- 
cloid, and epicycloid. Plates ZVIII. and XIX. Involute, Fig. 1, Plat« 

XVIII. Cycloid, Fig. 2, Plate XVIII. External epicycloid, described 
by a circle rolling about a fixed circle inside it, Fig. 3. Plate XIX. 
Internal epicycloid, Mg. 2, Plate XIX. Delineation or a rack and 
piidon in gear. Fig. 4, flat^ XVIII. Gearing of a worm with a worm- 
wheel. lUgs. 6 and 6, Plate XVIII. Cylindrical or Spur Gearing^ Plate 

XIX. Practical delineation of a couple of Spur-wheels, Plate XX. 
"ne Delineaiidn and Construction of Wooden Patterns for Toothed Wheels. 
Plate XXI. Rules and PracHctA Da/o— Toothed gearing. Angular ana 
circumferential velocity of wheels. Dimensions of gearine. Thickness 
of the teeth, Pitch of the teeth, Dimensions of the web, number and 
dimensions of the arms," wooden patteifns. 

Continuation of the Study of Toothed Gear. — Design for n 
pair of bevel'Wheeis in gear, Plate XXII. Construction of wooden 
patterns for a pair of bevel-wheels, Plate XXtll. hwoluie and 
Helical TeetW^ Plate XXIV. Contrivances for obtaining Differential 
Movements— The delineation of eccentrics and. cams, Plate XX v. Rules 
and Practical Do/o— Mechanical wDrk of efilect. The simple machines, 
Centre of gravity. On estimating the power of prime movers, Caleu- 
lation for the brake, The fall of bodies, Momentum, Central forces. 

KiXMENTART Pbincipi.Es OF SHADOWS.- Sft<Ki<no* oj PHsms. Pyro- 
mids and Cylinders, Plate XXVI. Principles of Shading^ Plate XXVII. 
Continuation of the Study of Shadows, Plate XXVIII. Tuscan Order, 
Plate XXIX. Rules and Practical Do^o^Pumps,. Hydrostatic principles, 
Forcing pumps, Lifting and forcing pumps. The Hydrostatic press^ 
Hydrostatical calculations and data— discharge of water through dil- 
fereht orifices. Gaging of a water-course of uniform section ana fall, 
Velocity of the bottom of water-courses, Calculation, of the discharge 
of water through rectangular orifices of narrow edges, Calculation of 
the discharge of water through overshot outlets. To determine the 
Width of an overshot outlet. To determine the depth of the outlet, 
Outlet with a apout or duct. * 

Application of Shadows to Toothed Gear, Plate ;XXX. Ap- 
plication of Shadows to Screws, Plate XXXI. AppHeaHon of Shadows to 
a Boiler and its Furnace, Plate XXXli. fading in Black^Shading in 
Colors, Plate XXXIII. 

T^B Cutting and Shaping of Masonry, ttate XXXIV. Stdee 
and Practical Data — Hydraulic motors, tlndersKot water wheels, with 
plane floats and a eircalar chaimel, Width, Diameter, Velocity, Num- 
ber 4uad capacity of the buckets, Useful efiieet of the water wheel. 
Oi^ersbot water wheels, Water wheels with radial floats, water wheel 
With curved buckets, TurMnes. SemtKrk$ on Machine Tools. 
2 
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The Stvpt of Machxnebt and Sxetchino.— Varioiu applioatloiii 
and combinatloni : Tke WattMng qf Mbtehaury. Ptatea XXXT. and 
XXXVI. DHUina Mdehine; MoUw MaMaut; Water wlieala, Con- 
■tniotion and let^ng up of water wheels, Delineation of water wheels, 
Design for a water wheel, Sketch of a water wheel ; Overshot Water 
Wheels, Water Pumps^ Plate XXXVII. IXeam Motors; High-pressure 
expansive sttom engine, Plates XXX VIIL. XXXIX. and XL. J)etaUs 
pf OfnHrttctUm ; Movements of thfi Diftribtttum and Expansion Valves ; 
Rides and Practical Data — Steam engines : Low-pressure' condensing 
engines without expansion valve, Diameter of piston. Velocities. 
Steam pipes and passages^ Air-pump and condenser. Cold-water and 
fi3ed-pumps. High-pressure expansive engines, Medium pressure eoa- 
densing and expansive steam engine, Conical pendulum or centrifugal 
goveri^or. 

Oblique Peojectxoks.— Application of rules to the deliA(BatiQn of 
an oscillating cylinder, Plate XLI. 

'Paralucl Persvectivx^— tYinciples and an^lioatlons, Plate XLII. 

Tbue PEBSPECTivE.^Blementarj principles, Plate XLIII. . Appli- 
cations— flour mill driven by belts, Plfites aLI V. and XLV. Descrip- 
tion of the mill, Representation of the miU in perspective. NotM of 
recent improvements in flour mills, Schiele's mill, Mullin's "ring mill- 
stone," Barnett*s millstone, Hastie's arrangement for drivliig mills, 
Currie's improvements in millstones ; RvUsand Pradienl Data—Wotk 
performed by various machines, Tlour mills, Saw mills, Veneerniawing 
machines, Circular saws. 

Examples of Finished Dbawihos of Machinext.— Plate >l, 
Balance water-meter; Plate B, Ensineer's shaping machine; Plate 
C D E, Express locomotive engine ; Plate F., Wood planing machine ; 
Plate G, washing machine for piece goods ; Plate H, power loom ; 
Plate I, Duplex sieam boiler ; Plate J, Direct^cting marine engines. 

Dbawino Instbuments. 

Blinn. A Practical Workshop Companion 
for Tin, Sheet-Iron, and Copperplate 
Workers: 

Containiug Roles for Desoribing varions kinds of Patterns 
used by Tin, Sheet-Iron, and Copper-Plate Workers ; 
Practical Geometry ; Mensaration of Surfaces and Solids ; 
Tables of the Weighta of Metals, Lead Pipe, etc. ; Tables 
of Areas and Cironrnferencesof Circles ; Japans, Varnishes, 
Lackers, Cements,. Couipositions, etc. etc. By Leroy J. 
Blinn. With numerous Illustrations. 12mo $2.50 

Beans. A Treatise on Railroad Curves and the 
Location of Railroads. 

By E. W. Beans, 0. E. 12mo. C^i^ press.) 

Bishop. A History of American Manufactures, 

Prom 1608 to 1860 ; exhibiting the Origin and Growth 
of the Principal Mechanic Arts and Manufactures, from 
the Earliest Colonial Period to the Present Time ; with a 

3 
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Notice of the Important IxiTentions, Tariffs, and the Be- 
au Its of eanh Deoennial Cenans. Bj J. Leander Bishop, 
M. D, : to which ia added Notea on the Prinoipal Mano- 
faotaring Centrea and Remarkable Manufactories. Bj 
K<lward Young and Edwin T. Freedlej. In two toIs., 
Sto $6.00 

Bookbinding : A Manual of the Art of Book 
binding, 

Containing full instructions in the different branches of 
Forwarding, Gilding and Finishing. Also, the Art of 
Marbling Book-edges and Paper. By James B. Ificholson. 
Illustrated. 12mo., cloth, $2.25 

GONTSNTS.—Sketch of the Pro^rese of Bookbinding, Sheet- 
work, Forwarding the Edges, Marbling, Gilding the Edges, Covering, 
Half Binding, Blank Binding, Boarding, Cloth-work, Ornamental Art, 
Finishing. Taste and Design, Styles, Gilding, ninminated Binding. 
Blind Tooling, Antique, Coloring. Marbling, uniform Colors, Gold 
Marbling. Landscapes, etc.. Inlaid Ornaments, Harmony of Colors, 
Pasting Down, etc., Stamp or Press-work, Restoring the Bindings of 
Old Books, Supplying imperfiections in Old Books, Itinta to Book Col- 
leotors, Technioaf Lessons. 

Booth and Morfit. The Eneyclopedia of 
Chemistry, f ractieal and Theoretical : 

Embracing its application to the Arts, Metallnrgy, Mine- 
ralogy, Geology, Medicine, and Pharmacy, By James C. 
Booth, Melter and Refiner in the United States Mint ; 
Professor of Applied Chemistry in the Franklin Institute, 
etc.; assisted by Campbell Morpit, author of '^ Chemical 
Manipulations," etc. 7th Edition. Complete in one 
volume, royal octavo, 978 pages, with numerous wood 
cuts and other illustrations, $5.00 

From the very large number of articles in this volume, it is entirely 
Impofisible to give a list of the Contents, but attention may be called 
to some among the more elaborate, such as Affinity, Alcoholometry, 
Ammonium, Analysis, Antimony, Arseni^ Blowpipes, Cyanogen, Dis- 
tillation, Electricity, Ethyl, Fermentation, Iron, Lead and Water. 

Brewer; (The Complete Practical.) 

Or Plain, Concise, and Accurate Instructions in the Art 
of Brewing Beer, Ale, Porter, etc., etc., and the Process 
of Making all the Small Beers. By M. Lapayettb Btrn, 

M. D. With Illustrations. 12mo $1.25 

•* Many an old brewer will find In this book valuable hints and sug- 
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gestioni worth^r of oonBideratlozL an4. th# novice can poit himiteir up 
Jfk hlM trade in all its partg.*^— ilrman. ' 

Boilder^s Pocket Oempanion; 

Contailifng tlie Slementa of Building, Snryejin^, and 
Arohiteotove;.wlth Praotioal Rales and Instraotiong cou- 
neoted with the snbjeot. By A. C. Smbatov, Ciyil Engi- 
neer, etc. In o^e yolame, l^mp., $1.25 

COI9'17SirT8r— The Builder. Carpenter, Joiner,' Maaon, PIatt4rer, 
Plumber, Painter, Smith, Practical Geometry, Surveyor, Cohesive 
Strength of Bodies, Architect. 

"It gives, in a smaU' space, the most thorough dlreotionB to the 
builder, from the laying ot a brielt, or the felling of a free, up to the 
most tiaborate jdroductlon of iomamental arofalteolure. It is Mlenttlc, 
without being obscure and unlnteUigiUe | and every bouse-oarpenter. 
maater. Journeyman, 6r' apprentice, should have a copy at hand 
a,iwBLft."-^J3veninff BuUetin. 

Byrne. The Handbook for the Artisan, Me* 
ehanic, and Engineer, 

Containing Instructions in Grinding and Sharpening of 
Catting Tools, Figuration of Materials bj Abrasion, lapi- 
dary Work, Gem and Glass Engraving, Vamisliing and 
Lackering, Abrasive Processes, etc., etc. By Oliver 
Byrne. Illustrated with 11 large plates and 186 cuts. 
8to., olotb, ^ ^ -I6.0O 

CONTES'TS.— Grinding Cutting Tools on tlie Ordinary Grind- 
stone ; Sharpening Cutting Tools on the Oilstone ; totting Razors ; 
Sharpening Cutting Tools with Artlfleial Grinders ; Produetioii of Piano 
SurCsoeff by Abrasion i Production of Cylindrieal Surfsoea bj Abra^ 
■Ion; Prodoetion of Conical Surfisces by Abrasion; Production of 
^beri6al Surfaces by Abrasion; Glass Cutting; Lapidary Work; 
%tting. Cutting, and Polishing Flat and Ronaded Works; Catting 
Faoeew ; Lapidary Apparatus for Amateurs ; Gem and GiSM Engnv- 
lUg; Seal and Gem liUigraving; Cameo Cutting; Glass Engraving, 
Vamiahiog. and Lackering; General Remarks upon Abrasive Pr»- 



; DIetionary of Apparatus ; Materials and Pr oe e sst s for Grinding 
and PoUaldng commonly employed in the Meehanleal and Uselul Arts. 

Byrne. The Practical Melal-workei^s Assist- 
ant. 

For Tin-plate Workers, Braalers, CoppersmithSf Zino- 
. pUto Omrmenters and Workera, Wire Workers, Whito- 
smiths. Blacksmiths, Bell Hangers, Jewellers, Silrer and 
Gold Smiths, Electrotvpers, and all other Workers in 
Alio J8 and Metals. Edited bj Olitbb Bnura. Completo 
in ono volume, octavo, « ^ «.«I7«€0 

It tieats of Casting, Fbnndiac; and Porglor; of Tongs and otWi 
TMtei I>«RCs o< Heat and Maaaflttncsit ol FlNi; WeWInc of 
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Heading and Swan TooU ; of Puncluw and Anvlli ; of HitwtontMg a»4 
Tempering; of Malleable Iron Castings, Gaae Hardening, WrongLt 
and Cast Iron; the Management and Manipulation of Metida and 
Alloys, Melting and Mixing i tba lUaanment of Fiunaees, Osatliig 
and Founding with MetallleMoalds, Joining and Working Sheet Metof; 
Peouliaritles of the different Tools employed ; Prooesaea dependent on 



dependent < 
the ductility of Metals ; Wire Drawing, lowing Metal TuSm, Solder* 
Ing ; The use of the Blowpipe, and erery other known Metal worker*B 
TooL 

Byrne. The Praetieal Model Calculator, 

For the Engineer, Machinist, Manafaeinrer of Engine 
Work, Naval Architect, Miner, and Millwright. By 
Olitbb Btbhb, Compiler and Editor of the Dictionarj of 
Machines, Mechanics, Engine Work and Engineering, and 
Author of varions Mathematical and Mechanical Works. 
Illustrated bj numerous engravings. Complete in one 
large volume, octavo, of nearlj six hundred pages,.. ^.50 

The principal objects of this work are : to establish model calcula- 
tioDi to guide practical men and students ; to lUustrate every practical 
rule and principle by numerical calculations, systematieally arranged ; 
to give Information and data indispensable to those for wtSbm. it is in- 
tended, thus surpasilng in value any other book of Its character; to 
economise the labor of the practical man, and to render his every-day 
calculations easy and comprehensive. It wUl be found to be one of 
the most complete and valuable practical books ever published. 

Gabinetmaker^s and Upholsterer's Companion, 

Comprising the Rudiments and Principles of Cabinet- 
making and Upholstery, with Familiar Instructions, il- 
lustrated by Examples for attaining a proficiency in the 
Art of Drawing, as applicable to Cabinet Work; the 
processes of Veneering, Inlaying, and Buhl Work ; the 
Art of Dyeing and Staining Wood, Bone, Tortoise Shell, 
etc. Directions for Lackering, Japanning, and Varnish- 
ing ; to make French Polish ; to prepare the best Glues, 
Cements, and Compositions, and a number of Receipts 
particularly useful for Workmen generally. By J. Stokes. 
In one volume, 12mo. With Illustrations, $1.25 

" A large amount of practical information, of great service to all 
oonoerneu in those branches of business." 

Canipin. A Practical Treatise on Mechanical 
Engineering; 

Comprising Metallurgy, Moulding, Casting, Forging, 
Tools, Workshop Machinery, Mechanical Manipulation, 
Manufacture of Steam Sngines, etc. etc. With an Appen- 
dix on the Analysis of Iron and Iron Ores. By Fraoois 
Cumpin, C E. To which are added, Observations on the 
6 
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Constroction of Steam Boilers and remarks npon Furnaces 
used for Smoke Preyention ; with a Chapter on Explosions. 
By R. Armstrong, C. E., and John Bourne. Rales for CaU 
culating the Change Wheels for Screws on a Turning Latha^ 
and for a Wheel-cutting Machine. Bj J. La Nicca. Mau. 
agement of Steel, including Forging, Hardening, Temper- 
ing, Annealing, Shrinking, and Expansion. And the Case- 
hardening of Iron. Bj G. Ede. 8vo. Illustrated with 29 
plates and 100 wood engravings. 8vo $6.00 

Colburn. The Locomotive Eogine ; 

Including a Description of its Structure, Rules for Esti- 
mating its 'Capabilities, and Practical Observations on its 
Construction and Management. By Zerah Colbukn. Il- 
lustrated. A new edition. 12mo, $1.25 

** It l8 the most practical and generally useful work on the Steam 
Engine that we have Beea."—Bwftun Trawler." 

Dagaerreotypist and Photographer's Companion. 

12mo., doth, $1.25 

Distiller (The Complete Practical). 

By M. Lafatbttb Btbit, M.D. With Illustrations. 12mo. 

$1.25 

" So simplified, that it it adapted not onlv to the use of extensive 
Distillers, out for every farmer, or others who may want to engage in 
Distilling."— 5an»W!r (/ the Union. 

Dussauce. Practical Treatise 

Off THE Fabrication of Matchbs, Gdk Cotton, and Fdlmi- 
ITATJKO PowoEBB. By Prof. H. Dussauoe. 12mo.,....$3.0p 

OONTElfM.— PAo«}7Aoru#. — History of Phosphorus; Physical 
Properties ; Chemical Properties ; Natural State : Preparation oi 
White Phosphorus ; Amorphous Phosphorus, and Benoxide of Lead. 
lf<i/0/Mff.~Preparation of wooden MatclvE» $ Matches inflammable by 
rubbing, without noise: Common Lucifer Matches: Matches without 
Phosphorus ; Candle Matches ; Matches with Amorphous Phospho- 
rus ; MaUdies and Rubbers without Phosphorus. Qun Oottun.— Proper- 
ties : Preparation J Paper Powder ; use of Cotton and Paper Powders 
lor Fulminating PrimerS} etc.; Preparation of Fulminating Primers, 
etc., eto. 

Dussauce. Chemical Receipt Book: 

A Gbeneral Formulary for the Fabrication of Le^inf 
Chemicals, and their Application to the Arts, Manufac- 
tures, Metallurgy, and Agriculture. By Prof. fi. Dus- 
sauce. (in prtst.) 



PBAOTIOAIi AND BOIlSNTIFia BOOKS. 

DTErao, OAUOO PEDPrnro, oolom, oottos spih. 

NJNQ, MD WOOLm MANUFAOTimE. 

Baird. The American Gotton Sjpiimer, and 
Manager^s and Carder's Gnide; 

A Practical Treatise on Cotton Spinning ; giving the Di- 
mensions and Speed of Machinery, Dranght and TwSst 
Calculations, etc.; with Notices ofTeceut Improvements: 
together with Rules and Examples for making changes 
in the sizes and numbers of Boving and Yarn. Com- 
piled from the papers of the late Robert H. Baird. 
12mo $1,25 

Capron De Dole. Dussauce. Blues and Car- 
mines of Indigo: 

A Praotical Treatise on the Fabrication of every Commer 
clal Product derived from Indigo. By Felioien Capron 
de Dole. Translated, with Important' additions, by Pro- 
fessor H. Dussauce. 12mo » $2,50 
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Chemistry Applied to Dyeing. 

By James Napier, F. C. S. Illustrated. 12mo $2.50 

CONTENTS.— Gengrai Properties af 3fatter.— Heat, Light, Ele- 
ments of Matter, Chemical Affinity. Jfon- Metallic Subatancea. — Oxygen, 
Hydrogen, Nitrogen, Chlorine, Sulphur, Selenium, Phosphorus, locUne, 
Bromine, Fluorine, Silicum, Boron, Carbon. MetaUic Substances. — 
General Properties of Metals, Potassium, Sodium, Lithium, Soap, 
Barium. Strontium, Calcium, Magnesium, Alminum, Manganese, Iron, 
Cobalt, Nickel, Zinc, Cadmium, Copper, Lead, Bismuth, Tin, Titanium, 
Chromium, Vanadium, Tungstenum or Wolfram, Molybdenum, Tella- 
rium. Arsenic. Antimony, Uranium, tCerium, Mercury. Silver, Gk>ld, 
Platinum, Palladium, Iridium, Osmium, Rhodium, Latitnanium. Jtfbr- 
liffiT?^*.— Red Spirits, Barwood Spirits, Plumb Spirits, Yellow Spirits, 
Nitrate of Iron, Acetate of Alumina, Black Iron Liquor, Iron and Tin 
for Royal Blues, Acetate of Copper. Vegetable Matters tised in I>yeing. — 
Galls, Sumach, Catechu, Indigo, Logwood, Brazil-woods, Sandal-wood, 
Barwood, Camwood, Fustic, Young Fustic, Bark or Quercitron, Fla- 
vine, Weld or Wold, Turmeric, Persian Berries, Safflower, Madder, 
Munjeet, Annota, Alkanet Root, Archil. Proposed New VegetabU 
Dyes. — Sooranjee, Carajuru, Wongshy, Aloes, Pittaoal, Barbary Root. 
Animal Matters used in Dyeing. — Cochineal, Lake or Lao, Kerms. 

This will be found one of the most valuable books on the Butu'ect of 
dyeing, ever published in this country. 

Dussauce. Treatise on the Coloring Matters 
Derived from Coal Tar; ' 

Their Practical Application in Dyeing Cotton, Wool, and 

8 
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8iUt ; th« Principles of the Art of Dyeing and of the Dis- 
tillation of Coal Tar ; with a Description of the most Im- 
portant New Dyes now In nse. By Professor H. Dus- 
sauce, Chemist. 12mo $2.50 

COI9'TENTS.— Historical Notice of the Art of Dyeing— Chemical 
Principles of the Art of Dyeine— Preliminary Prefoaration of Stufife— 
Mordants— Dyeing— On the Ck)Toring Matters proauoed by Coal Tar- 
Distillation of Coal Tar— History of Aniline— Properties of Aniline- 
Preparation of Aniline directly from Coal Tar— Aitifloial Preparation 
of Aniline— Preparation of Benzole— Properties of Benzole— Prepara- 
tion of Nitro-Benzole— Transformation of Nitro-Benzole into Aniline, 
by means of Sulphide of Ammonium ; by Nascent Hydrogen : by Ace- 
tate of Iron ; and by Arsenite of Potasn- Properties of the Bi-Nitro- 
Benzole— Aniline Purple— Violine-lloseine-Emeraldine- Bleu de 
Paris-^Futschine, or Magenta— Coloring Matters obtained by other 
baaes from Coal Ta^-introio-Phenyline— Di Nitro-Aniline— Nitro- 
Phenyllne— Picric Acid— Rosolic Acid- Quinoline— Napthaline Colors 
— Chloroxynaphthalic and Perchloroxynapthalio Acids— Carminaph- 
tha— Ninaphthalamlne— Nitrosonaphthaline— Naphthameln— Tar Red 
— AiEuline— Application of Coal Tar Colors to the Art of Dyeing and 
calico Printing— Action of light on Coloring Matters from Coal Tar 
— Latest Improvements in the Art of Dyeing— Chrysammio Acid-^Mo- 
lybdie and Picric Acidsr^Bxtract of Madder— Theory of the Fixation 
of Coloring Matters in Dyeing and Printing— Prihciples of the Action 
of the most important Mordants-rAluminous Mordants-^Ferruginous 
Mordants— Stanniferous Mordants— Artificial Alizarin— Metallic Hy- 
posulphites as Mordants— Dver's Soap— Preparation of Indigo for Dye- 
ing and Printing— Relative value o£ Indigo— Chinese Green Murexide. 

Dyer and ColoMuaker's Companion : 

Containing upwards of two hundred Receipts for making 
Colors, on the most approved principles^ for all the 
Tarions styles and fahrics now in existence ; with the 
Scouring Process, and plain Directions for Preparing, 
Washing-off, and Finishing the Goods. Second edition. 
In one volume, 12mo $1.25 

French Dyer, (The): 

Comprising the Art of Dyeing in Woolen, Silk, Cotton, 
etc., etc. By M. M. Riffanlt, Vernaud, De Fontenelle, 
Thillaye, and Mallepeyre. (^Jn press,) 

Love. The Art of Dyeing, Cleaning, Scouring, 
and Finishing, 

^ On thb Most Afpboybd English and French Methods; 
heing Practical Instructions in Dyeing Silks, Woolens 
and Cottons, Feathers, Chips, Straw, etc.. Scouring and 
Cleaning Bed and Window Curtains, Carpets, Rugs, etc., 
French and* Englieh Cleaning, any Color or Fabric of 
Silk, Satin, or Damask. By Thomas Love, a working 

Dyer and Scourer. In one volume, 12mo $3.00 

9 
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O'Neill. Chemistry of Calico Friiting, I)]re- 
ing, and Bleaching ; 

IncladSng Silken, Woolen, and Mixed Goods ; Pnetioal 
and Theoretical. Bj Cliarles 0*NeilL (Ltprem.) 

O'Neill. A Dictionary of Calico Printing and 
Dyeing. 

Bj Charles O'Neill, (ia prnt.) 

ScotL The Practical Cotton*spinner and Han« 
nfacturer ; 

Ob, Thk Maxagbb and Oteblookbh's Coxpajtios. This 
work contains a Comprehensire System of Calculations 
for Mill Oearing and Maohinerj, from the first Moring 
Power, through the different processes of Carding, Draw- 
I ing, Slabbing, Roving, Spinning, and Weaving,- adapted 
to American Machinery, Practice and Usages. Compen- 
dious Tables of Yams and Reeds are added. Illustrated 
bj large Working-Drawings of the most approved Ameri- 
can Cotton Machinery. Complete in one volnme, oc- 
tavo $5.00 

This edition of Scott'i Cottonp^pinner, by Oliver Byrne, is designed 
for the American Operative. It will be found intensely practioal, and 
will be of the greatest possible value to the Manager, Overseer, and 
Workman. 

Sellers. The Color-mixer. 

By John Sellers, an Experienced Practical Workman. 
To which ifl added a Catechism op Chemistbt. In one 
volume, 12mo $2.60 

Smith. The Dyer's Instructor; 

Comprising Practical Instructions in the Art of Dyeing 
Silk, Cotton, Wool and Worsted, and Woolen Goods, as 
Single and Two-colored Damasks, Moreens, Camlets, ^ 
Lastings, Shot Cobourgs, Silk Striped Orleans, Plain Or- 
leans, from ^V^lite and Colored Wdrps, Merinos, Woolens, 
Ynrns, etc.; containing nearly eight hundred Receipts. 
To which is added a Treatise on the Art of Padding, and 
the Printing of Silk Warps, Skeins and Ilandkerchiefs, 
and the various Mordants and Colors for the different 
10 
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styles ! of sack work. By David Smith, Patteirn T>jpr. 
A new edition, in one volume, 12mo ...,,.$3.00 

CONTEWTS.— rWool Pyelng,: 60 receipts— Cotton Dyeing, 68 re- 
ceipts—Silk Dyeing. 60 receipts— Woolen Yarn Dyeing/ 09 receipts- 
Worsted Tarn Dyeing, 61 Receipts— Woolen Dyeing, B2 receipts— Da- 
mask Dyeing, 40 receipts — Moreen I^ing, S8 receipts— Two^Colored 
Damask Dyeing, 21 receipts — Camlet Dyeing, 23 receipts— Lasting Dye- 
ing, 23 receipts— Shot Cobourg Dyeing, 18 receipts— Silk Striped Or- 
ieanp, from Black, White, and Colored Warps, 23 receipt*— Cidore4 
Orleans, from Black Warps, 16 receipts — Colored Orleans and CbT- 
bourgs, Arom White Warps, 27 receipts— Colored Merinos, 41 receipts 
—Woolen Shawl Dyeing, 16 receipts— Padding, 42 receipts— Silk Warp, 
Skein, and Handkerchief Printing, 62 receipts-r-Natureimd Use oC Dye- 
wares, including Aliim, Annotta, Archil, Ammonia, Argbl, SOper 
Argol, Camwood, Catechu, Cochineal, Chrome, or Bichromate of Pot- 
ash, Cudbear, Chemic, or Sulphate of Indigo, French Berry, or Persian 
Berry, Fustic or Young Fustic, Galls, Indigo, Kermes or Lac Dye, 
Logwood, Madder,. Kitrio Aeid or Aqua FortLt, Nitrates, OxsUe lin, 
Peachwood, Prussiate of Potash, Quercitron Bark, Samower, Saun- 
ters, or Bed Sandal, Sapaa Wood, Sumach, Tujaneric^ BxHmi nation of 
Water by Tests, etc., etc. 



[Jlrjich, Dussauce. A Complete Trealise 

02r THB Abt op Dtbinq Cotton and Wool, as pbaotisbd in 
Paris, Rouen, MuLBotrsE and Germany. From the French 
of HL.. Louis Ulrich,. a Praotioal Dyer in the principal 
Manufactories of Paris, Rouen, Mulhouse, etc., etc. ; to 
which are added the most important Receipts for Dyeing 
Wool, as practised in the Manufacture Imperiale des 
Gohelins, Paris. By Professor H. Duasanoe. 12mo..|3.00 

CONTENTS.— 

Rouen Dyes, 106 Receipts. ' 

Alsace " 236 » . . . 

German « 109 " •': i 

Mulhouse "■■ 74 rt • ■' 

Parisian " 66 « 
Gobelins " 100 " 
In all nearly 700 Receipts. 
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Easton. A Practical Treatise on Street w 
IKprse-power Railways; 

Their Location, Construction and Management ; with 
general Plana and Rules for their Organisation and Ope- 
ration [ together with Bbcamhiations as to their Compara- 

11 
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tlve Advantages over the Omnibaa Sjsteui, and Inqniriei 
as to their Value for Investment ; including Copies o! 
Mnnicipal Ordinanees relating thereto. Bj Alexander 
Easton, C. E. Illastrated bj twentj-three plates, Sto., 
oloth. « ^ 12.00 

Examinations of Drugs, Medicines, Chemicals, 
etc., 

As to their Pnritj and Adnlteratlons. Bj G. H. Peirce, 
M. D. 12mo., oloth ^ $2.50 

Fisher's Photogenic Manipulation. 

IBmo., oloth 62 

Gas and Ventilation; 

A Practical Treatise on Gas and Ventilation. Bj E. E. 
Perkins. 12mo., cloth J^l.OO 

Giibart. A Practical Treatise on Banking. 

By James William Giibart. F. R. S. A new enlarged and 
improved edition. Edited bj J. Smith Homans, editor 
of ** Banker's Magazine." To which is added " Money,", 
by H. C. Carey. 8vo $3.50 

Gregory's Mathematics for Practical Men; 

Adapted to the Pursuits of Surveyors, Architects, Me- 
chanics and Civil Engineers. 8vo., plates, cloth. ..$2.25 

Bardwich. A Manual of Photographic Chem- 
istry ; 

Including the practice of the Collodion Process. By J. 
F. Hardwich. (^In press.) * 

Hay. The Interior Decorator; 

The Laws of Harmonious Coloring adapted to Interior 
Decorations ; with a Practical Treatise on House Paint- 
ing. By D. R. Hay, House Painter and Decorator. Il- 
lustrated by a Diagram of the Primary, Secondary and 
Tertiary Colors. 12mo. {In press,) 
12 
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Inventor's Gnide — ^Patent Office and Patent 
Laws : 

Or, a Guide to Inventors, and a Book of Reference for 
Judges, Lawyers, Magistrates, and others. Bj J. G-. 
Moore. 12mo., cloth 11.25 

Jeryls. Railway Property. A Treatise 

On the CoirsTBUCTioN and Maitaobmbnt of Railways ; de- 
signed to afford useful knowledge, in the popular atjloi 
to the holders of this class of property ; as well as Rail- 
way Managers, Officers and Agents. By John B. Jervis, 
late Chief Engineer of the HudsouR^yer Railroad, Cro- 
ton Aqu.educt, etc. One Tolume, 12mo., cloth |2.00 

COM'TBWTS. — Preface — Introduction. Construction, — Introduc- 
tory—Land and Land Diamages— LocationTof Line^Method of Business 
— Grading^-Bridges and Culverts— Road Cpo8flinff8<-^Balla8ting Track- 
Cross Sleepers— Chairs and Soikes— Rails— Station Buildings— Loco- 
motives, Coaches and Cars. Operating. — Introductory — Frelrtit— Pas- 
sengers-Engine Drivers— Repairs to Track- Repairs of Machinery- 
Civil Engineer— Superintendent— Supplies of Material— Reoeipt8—Di»' 
bursements — Statistics — RunnSog TTainp — Competition — Flnanelal 
Management— General Remarks. 

Jolinson. The Coal Trade of British Ameriea ; 

With Researches on the Characters and Practical Values 
of American and Foreign Coals. By Walter R. Johnson, 
Ciyil and Mining Engineer and Chemist. Hvo $2.00 

This volume oontainv the results of the experimenta made for the 
Navy Department, upon which their Coal contracts are now baaed. 

Johnston. Instructions for the Analysis of 
Soils, Limestones and Manures. 

By J. F. W. Johnston. 12mo 38 

Larkin. The Practical Brass and Iron Found- 
er's Guide; 

A Concise Treatise on the Art of Brass Fonndlng, Mould- 
ing, etc. Bj James Larkin. 12mo., cloth 11.25 

Leslie's (Miss) Complete Cookery; 

Directions for Glookery in its Various Branches. By Miss 
Leslie. 58th thousand. Thoroughly revised ; with the 
addition of New Receipts. In one volume, 12mo., half 

bound, or in sheep $1.25 
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Leslie's (Miss) Ladies' House Book; 

A Maiiaal of Domestio Economy. 20tli revUed edition. 
12mo., sheep $1.25 

Leslie's (Miss) Two Hundred Aeeeipts in 
French Cookery. 

Cloth, 12mo ., ^ — •. 25 

Lieber. Assayer's Guide; 

Or, Practical Directions to Assajers, Miners and Smelters, 
for the Tests and Assays, by Heat and by Wet Processes, 
of the Ores of all the principal Metals, and of Gold and 
Silver Coins and Alloys. By Oscar M. Lieber, late Geolo- 
gist to the State of Mississippi. 12mo. With illnstra- 

tions $1.25 

"Among the indiBpensable works fbr this purpose, is this little 

Lowig. Principles of Oi^nie and Physiologi' 
eai Chemistry. 

By Dr. Carl Lowig, Doctor of Medicine and Philosophy ; 
Ordinary Professor of Chemistry in the University of 
Ziirich ; Anthor of ** Chemie des Organisohen Verbindnn 
gen." Translated by Daniel Breed, M. D., of the U. S. 
Patent Office ; late of the Laboratory of Liebig and Lowig. 
8vo., sheep $3.50 

Marble Worker's Manual; 

Containing Practical Information respecting Marbles in 
general, their Cutting, Working and Polishing, Veneer- 
ing, etc., etc. 12mo., cloth $1.25 

Miles. A Plain Treatise on Horse-slioeing. 

With Illustrations. By William Miles, Author of " The 
Horse's Foot.'* $1.00 

14 
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MaiQ & Brown. The Marine Steam-Engine. 

B7 Thomas J. Main, F.R. Ast. S. Mathematical Professor 
at the Royal Naval College, Portsmouth, and Thomas 
Brown, Assoc. Inst. C. B. Chief Engineer R. N. attached 
to the Rojal Naval College. Authors of '* Questions Con- 
nected with the Marine Steam-Engine,*' and the ** Indi- 
cator and Dynamometer. ' ' With Numerous Illustrations. 
In one Volume, Svo .w|5.00 

CONTENTS.— Introductory Chapter, The Boiler, The Engine, Get- 
ting up Steam, Duties to Machinery when under Steam, Duties to En- 
gine, &c., on arriving in harbor, MisceUaneous, Appendix. 

Main & Brown. Questions on Subjects Con- 
nected with tiie Marine>Steam Engine^ 

And Examination Papers ; with Hints for their Solution. 
Bj Thomas J. Main, Professor of Mathematics Rojal Naval 
College, and Thomas Brown, Chief Engineer R. N. 12mo., 
cloth $1.60 

. Main & Brown. Tlie Indicator and Dynamo- 
meter, ; 

With their Practical Applications to the Steam Engine. 
By Thomas J. Main and Thomas Brown. With Illustra- 
tions. 8vo., cloth $1.50 



Morfit. A Treatise on Chemistry 

Applied ro thb MAiruFAoruBB 09 Soap and Candles ; being 
a Thorough Exposition, in all their MinutisB, of the prin- 
oip^s and Practice of the Trade, based upon the most 
recent Discoveries in Science and Art. By Campbell 
Morfit, Professor of Analytical and Applied Chemistry in 
the University of Maryland. A new and improved edi- 
tion. Illustrated with 260 Engravings on Wood. Com- 
plete in one volume^ large 8vo $7.50 

CONTENTS.— CHAPTER I. The History of the Art anditg Reia- 
ttona to Scienoe— II. C^emioal CSomblnation— III. Alkalies and Alka- 
line Earths— IV. Alkali mentary—V. Acids— VI. Origin and Composi- 
tion of Fatty Matters— VIT. Saponifiable Fats— Vegetable Fkts— Ani- 
mal Fats— Waxes— VIII. Action of Heat and Mineral Acids of Fatty 
Matters— IX. Volatile or Essential Oils, and Resins— X. The Proxi- 
mate Principles of Fats— Their Composition and Properties— Basic 
Constituents of Fats— XI. Theory of Saponifleation— XII. Utensils 
Requisite for a Soap Factory— XIII. Preparatory Manipulations in 
tlie Prooess of Making Soap— Preparation of the Lyes— XIV. Hard 
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out the aid of a Teapher. Bj Andrew DaQean, Land 
Suf veyor and Civil Engineer. 12mo ........$1.25 

Having had an experience aa a Praetieal Surveyor, ete., of thirtv 
rears, it is believed that the author of this volume posseases a thorough 
Knowledge of the wants of the profession ; and never having met with 
aay work sufficiently ooneise and instructive in the several details 
neeessary for the proper qualifloatlon of the ^rveyor, it haa been hia 
ot^{ect to supply that want. Among other important matters in the 
book, will be found the following : 

Instructions in levelliag and proflUng, with a new and speedy plan 
ol setting grades on rail and plank roads— the method of infleotiag 
curves— the description and design of rMiew instrument, whereby di»- 
tanoes are found at onoe, without any calculation— a new method of 
surveying anv tract of land by measuring one line through it— a geo- 
metrical metnbd of correcting surveys taken with the oou&pass, to fit 
them for calculation— a short method of finding the angles from the 
courses, and vice oerM— the method of surveying with the compasa 
through any mine or iron works, and to correct the deflections oi tho 
needle by attraction-^escrlptioQ of an inatnunent by the help of 
which any one may measure a map by inspection, without caleulatloa 
—a new and short method of calculation, wherein fewer figures are 
u^ed— the method of correcting the diurnal variation of the needle 
—various methods of plotting and embellishing maps— the most cor- 
rect method of laying ofi* plots with the pole, etc.— description oi a 
new compass contHv^ by the author, etc., etc. 

Railroad Eogineer's Pocket Companion for the 
Field. 

By W. Qriswold. 12mt)., tucks.... $1.25 

Kegnawlt. Elemenls of Chemistry. 

By M. V. Regnauit. Translated from the French by T. 
Forrest Betton, M.D., and edited, with notes, by James 
C. Booth, Melter and Refiner U. S. Mint, and William L. 
Faber, Metallurgist and Mining Engineer. Illnstrated hy 
nearly 700 wood engravings. Comprising nearly 1,600 
pages. In two volumes, Svo., cloth ...|)0.00 

Rural Chemistry; 

An Elementary Introdtustion to the Stady of the Science, 
- in its relation to Agrloaltnre and the Arts of Life. By 
' Edward Solly, Professor of Ghemiatry In the Hortioul- 
iaral Soofety- of London. From the third improved Lon- 
don edition. 12mo 4....... $1.60 

%tinL A Practical Treatise 

Oir Railway Cvbybs, aifd Locatioit fob Touro Evgivebbs. 
By Wm, F. Shank, Civil Engineer. Time $1.04 

Strength and Other Properties of Metals; 

Reports of Experiments on the Strength and other Pro- 
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perties of Metals for Cannon. With a Desoript!6il of the 
Machines for Testing Mefals, and of the Classification of 
Cannon in service. By Officers of the Ordnance DepaH- 
ment U. S. Army. By authority of the Secretary of 
War. Ulnstraidd by 25 large steel plates, in one voir 
ume, qnarto ..$10.01 

Tl^e best Treatise on Cast-iron extant. 

Tables Showing the Weight 

Of Rofni), Squarb and Flat Bar Iron, Stsb£, etc, hj 
Measurement. Cloth 50 

Tavlor. Statistics of Coa!; 

Including Mineral Bituminous Substances employed in 
Arts and Manufactures ; with their Geographical, Geo- 
logical and Commercial Distribution, and Amount of Pro- 
duction and Consumption on the American Continent. 
With Incidental Statistics of the Iron Manufacture. By 
R. C. Taylor. Second edition, revised by S. S. ^alde- 
man. Illustrated by five Maps and many Wood Engrav- 
ings. 8vo., cloth , « ia.oa 

Templeton. The Practical Eiaminator on 
Steam and the Steam Engine ; 

With Instructive References relative thereto, arranged 
for the use of Engineers, Students, and others. By Wm, 
Templeton, Engineer. 12mo 11.25 

This work was orieinaUy written for the author's private use. He 
was prevailed upon By various Engineers, who had seen the notes, to 
ooQsent to ita.publloatioo, from their eager expression of heUef that 
it would be equally useful to them as it had been to himself. 

Tin and Sheet Iron Worker's Instructor ; 

Comprising complete Descriptions of the necessary Pat- 
terns and Machinery, and the Frooesses of CalouUting 
Dimensions, Cutting, Joining, Raising, Soldering, etc. 
etc. With numerous Illustrations |2.50 

Treatise (A) on a Box of Instruments, 

And the Blide Rule ; with the Theory of Trigonometry 
and Logarithms, including Practical Geometry, Survey 
ing. Measuring of Timber, Cae>k and Malt Gauging, 
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HeigMa and Distances. Bj Thomas Kentish. In one 

volume, 12mo 11.25 

A volume of inestimable vftlue to Engineers, Gsugers, istudents, and 
(iithers. 

Turubull. The ElectrO'Magnetic Telegraph; 

With an Historical Account of its ^ise, Progress, and 
Present Condition. Also, Practical Suggestions in regard 
to Insulation and Protection from the Effects of Light- 
ning. Together with an Appendix containing several 
important Telegraphic Deyioes and Laws. By Lawrence 
TurnbuU, M. D., L^gturer on Technical Chemistry at the 
Franklin Institute. Second edition. Revised and im- 
proved. Illustrated by numerous Engravings. 8vo..|2.50 

Tnpner's (The) Companion; 

Containing Instruction in Concentric, Elliptic and Eccen- 
tric Turning ; also various Steel Plates of Chucks, Tools 
and Instruments ; and Directions for Using the Eccentric 
Cutter, Drill, Vertical Cutter and Rest ; with Patterns 
and instructions for working them. 12mo., cloth.. $1.25 

Weatheriey (Henry). Treatise on the Art of 
Boiling Sugar, Crystallizing, Lozenge- 
making, Comfits, Gum Goods, 

12mo. $2.0C 

Williams. On Heat and Steam: 

Embracing New Views of Vaporization, Condensation, 
and Expansion. By Charles Wye William*. Illustrated. 
8vo..... $3.50 
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SOCIAL SCIENCE. 

THE WORKS OP HENRY C. CARET. 



" I challenge the production -from among the writers on political 
economy of a more learned, philosophical, and convincing speculator 
on that theme, than my distinguished fellow-citizen, Henry C. Carey. 
Hie works he has published in support of the protective policy, are 
remarkable for profound research, extensive range of inquiry, rare 
logical acumen, and a consuJooimAte knowledge of history." — Speedi of 
Hon, Edward Joy Morritf in the House of B^tresentaHvet of the United 
Statee^ February 2^ 1859. 
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THE WORKS OP HENRY C. CAREY. 

" Heniy C. Carefi the best known and ablest eoouomiifc of liortii 
America. • • • • • In EuropeheU prtncipally knawnbjrMs 
striking and original attacks, based upon the peculiar advantages of 
American experience, on some of the principsl doctrines, especially 
Malthus' * Theory of Population* and Ricardo's teachings. His Tlews 
hare been lanrely adopted and thoroughly, discussed in Europe."— 
** The QerwiM PoHHcal Leeicoii," EdiM Ify BhnUiehH mn^ LeMe, 

1858L 

" We believe that your labors mark an era in the solenee of politleal 
economy. To yotir researches and lucid azgoments are we Indebted 
for the explosion of the absurdities of Malthus. Say, and Rioardo. in 
regard to the inability of the earth to meet the demands of a growing 
population. American industry owes vou a debt which cannot be re- 
paid, and which it will ever be proud to acknowledge.— JFVom a Letter 
of Hon, George W. Scranion, M. C., Hon. WUliam Jenup. and over eMy 
tr\/luential cUiaiens qf Luzerne County , PmfuyliMmia, to Henry C. Osfvy, 
Apra3fl8S9, > 



Financial Crises 



Their Causes and Effects. 8yo., paper 25 



Frencli and American Tariffs, 



Compared in a Series of Letters addressed to Mons. M. 
Chevalier. 8vo.y paper..... 25 

I 

Harmony (Tlie) of Interests ; 

Agrioultural, Manufacturing and Commercial. 8vo., 

paper ; 75 

Cloth 11.50 

** We can safely recommend this remarkable work to all who wish 
to investigate the causes of the progress or decline of industrial eom- 
munities."— BtocJfctMKNt's Magaxine. 

§ 

Letters to tlie President of the United States. 

Svo., Paper 50 



Hisceilaneons Works; 



Comprising "Harmony of Interests,*' "Money," "Let- 
ters to the President," "French and American Tariffs," 
and " Financial Crises." One Tolume, 8to |8.00 



Money; A Lecture 



Before the New York Geographical and Statistical So- 
ciety. 8vo., paper 25 
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PAAOTIOAIf AND BCIIBKTIFIO BOOKS, 
THE WORKS OF HENRY C. CAREY. 

ftot (The), the Present, and the Fntofe. 

8to $2.50 

12mo 11.50 

" Fall of important facta bearing on topiea that are now agitating 
•11 Europe. • • • These quotations will only whet the appetite 
of the tclentiflo reader to devour the whole work. It is a book full of 
Taluable information."— fccmonujcf. 

*' Deeidedly a book to be read by all who take an interest in the pro- 
gress of social science."— S^pedofor. 

"A Southern man mvself. nevA given to tariff doctrines, I confess to 
have been convinced oy his reasoning, and, thank Heaven, have not 
now to learn the difference between dogged obstinacy and consistency. 
* Ye gods, give us but ll^t I' should be the motto of every inquirer 
after truth, but for far dlflhBrent and better purposes than that which 
prompted the exclamation."— TTie late John S. Skinner. 

" A volume of extensive information, deep thought, high intelli- 
gence, and moreover of material utility."— LoMcm Morning AdoertUer. 

** Emanating Arom an active intellect, remarkable for distinct views 
and sincere convictions."— Britannia. 

** < The Past, Present, and Future.' is a vast summary of progressive 
philosophy, wherein he demonstrates the benefit of pdlitioal economy 
In the onward progress of mankind, which, ruled and directed by over- 
whelming influences of an exterior nature, advances little by little, 
iintil tbese exterior influences are rendered subservient in their turn, 
to increase as much as possible the extent of their wealth and riches." 
—DicHonnatre Univena de* Contemporain*. Par O. Vapereau. ParU. 
1868. 

Principles of Social Science. 

Three volumes, 8vo., cloth 410.00 

CONTENTS.— Volume I. Of Science and its Methods— Of Man, 
the Subject of Social Science— Of Increase in the Numbers of Mankind 
—Of the Occupation of the Earth— Of Value— Of Wealth— Of the For- 
mation of Society— Of Appropriation- Of Changes of Matt«r in Place 
—Of M hanical and Chemical Changes in the Forms of Matter. Vol- 
ume II. Of Vital Changes in the Form of Matter— Of the Instrument 
of AsBoo.ation. Volume III. Of Production and Consumption — Of 
Accumulation- Of Circulation— Of Distribution- Of Concentration 
nnd Centralization— Of Competition— Of Population— Of Food and 
Population— Of Colonization— Of the Malthusian Theory— Of Com- 
merce—Of the Societary Organization- Of Social Science. 

" I have no desire here to reproach Mr. Malthus with the extreme 
lightness of his scientific baggage. In his day, biology, animal and 
vegetable chemistry, the relations of the various portions of the hu- 
man organism, etc. etc., had made but little progress, and it is to the 
general ignorance in reference to these questions that we must, as I 
think, look for explanation of the fact that he should, with so much 
confidence, in reference to so very grave a subject, have ventured to 
suggest a tormula so arbitrary in its character, and one whose hollow- 
nesB becomes now so clearly manifest. Mr. Carey's advantage over 
him, both as to facts and logic, is certainly due in great part to the 

f»rogresB that has since been made in all the sciences connected with 
Ife ; but then, how admirably has he profited of them ! How entirely 
Is he a^L courant of all these branches of knowledge- which, whether 
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THE WORKS OF HENRY C. CAREY. 

directly or indlrectlj, bear upon his eulu'eot I With what skill doef hfi 
ask of each and every of them all that It can be made to funlsf . 
whether of facts or arguments! With what elevated views, ana 
what amplitude of means, does he gb forward ii^ hlfi work I Ahov« 
all, how thorough in his scientific caution I Accumulating inductions 
and presenting for consideration facts the most undoubted and nrdba 
bilities oi the highest kind, he yet affirms nothing, contenting himself 
with showing that his opponent had ho good reason for affirming the 
nature of the proKression, nor the time, of duplication, nor the gene- 
ralization which takes the facts of an Individual case and deduces 
from them a law for every race, every climate, every oiviliziitioB, 
every condition, moral or physical, permanent and tranaient, 
healthy or unhealthy, of the various populations of the many coun- 
tries 01 the world. Then, having reduced the theory to the level of a 
mere hypothesis, he crushes it to atoms under the weight of foots.''— 
M, De Fontenay in Ou ^^ Journal de$ Ec<mamitte9." Pariti Sejitemberf 1883. 

** This book is so abundantly flill of notices, focta, comparisons, cal- 
culations, and arguments, that too much would be lost by laying a 
part of it before the ejre of the reader. The work Is vast and severe 
In its conception and aim. and is far removed from the common run 
of the books on similar subjects." — II Mondo LetterariOj Turin. 

*' In political economy, America is represented by -one of the 
strongest and most original writers of the age, Henry C. Carey, of 
Philadelphia. » <r# * * «»«»*« 

" His theory Of Rents is r^arded as a complete demonstration that 
the popular views derived from Ricardo are erroneous $ «nd on tlie 
subject of Protection, he is generally confessed to be the master- 
thinker of his country."— FTetfmin^/er Meview, 

• ** Both in America and on the Continent, Mr. Heniy Carey has ac- 
quired a great name as a political economist. * * * • • 
*< His refutation of Malthus and Ricardo we consider most triumph- 
ant."— lofulon OriHe, 

" Mr. Carey began his publicati&n of Principles twenty years ago ; 
he is certainly a mature and deliberate writer. More than this, he is 
readable : his pages swarm with illustrative facts and with American 
instances. *••*•*****♦* 

" We are in great charity with books which, like Mr. Carey's, theo- 
rize with excessive boldness, when the author, aa does Mr. Qatey, 
possesses information and reasoning power." — London Athenaum. 

** Those who would flght i^ainst the Insatiate greed and unscrupu- 
lous misrepiesentations of the Manchester school, which we have rre- 
quently expbsed, without any of their organs having ever dared te 
make reply, will find in this aind Mr. Carey's other works an immense 
store of arms and ammunition. *♦«##«#» 

'* An author who has, among the political economists of Germany 
and France, numerous readers, is worth attentive perusal in Eng- 
land. "—Lofulon StMtesmtM, 

" Of all the varied answers to the old cry of human nature, * Who 
will show us any good V none are more sententious than Mr. Carey's. 
He says to Kings, Presidents, and People, * Keep the nation at work, 
and the greater the variety of employments the better.' His is seek- 
ing and elucidating the great radical laws of matter as regards man. 
He is at once the apostle and evangelist of temporal righteousness." 
-^National Intelligencer. 

" A work which we believe to be the greatest ever written by an 
American, and one which will in future ages be pointed out as the 
most successful eflfbrt of its time to form the great iciitUia ecientiarvm.'* 
•- Philadelphia Evening Bulletin. 
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The Slave Trade, Domestic and Forelp; 

Why it Exists, and How it may be Extinguished. 12mo., 
oloth $1.50 

jOONTBNTB.— The Wide Extent of Slarery— Of Slareiy in the 
Brttiflh Colonies— Of Slavery in the United States— Of Emancipation 
In the British Colonies- How Man passes trom Poverty and slavery 
toward Wealth and Freedom — How Wealth tends to Increase — How 
Labbr acquires Value and Man becomes Free — How Man passes from 
Wealth and Freedom toward Poverty and Slavery— How Slavery 
grew, and How it is now maintained in the West Indies — How Slavery 

frew, and is maintained in the United States- How Slavery grows in 
'ortugal and Turkey— How Slavery grows in India— How Slavery 
rrows in Ireland and Scotland— How Slavery grows in England- 
How oan Slavery be extinguished 1— How Freedom grows in Northern 
Germany— How Freedom grows in Russia— How Freedom grows in 
Denmark~-How Freedom grows in Spain and Belgium— Of the Duty 
of the People of the United States— Of the I>uty of the People of Eng- 
land. 

" As A philosophical writer. Mr. Carey is remarkable for the union 
of comprehensive generalizations with a copious induction of facts. 
His research of principles never leads him to the neglect of details : 
nor is his accumulation of instances ever at the expense of universal 
truth. He is, doubtless, intent on the investigation of laws, as the 
appropriate aim of science, but no passion for theory seduces him 
Into the region of pure speculation. His mind is no less historical 
than philosophical, and had he not chosen the severer branch in 
which his studies have borne such excellent fruit, he would have 
attained an eminent rank among the historians from whom the litera- 
ture of our country has received such signal illustration." — JSew York 
ZHbune, 
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French Politico-Economic Controversy, 

Between the Supporters of the Doctrines of Caret and 
of those of RiOARDO and Malthus. By MM. De Fontenay, 
Dupuit, Baudrillart, and others. Translated from the 
** Journal des Economistes," 1862-63. (In press.) 

Protection of Home Labor and Home ProduC' 
tions 

Necessary to the Prosperity of the American Farmer. 
By H. C. Baird. Paper l3 

Smith. A Manual of Political Economy. 

r ■' By E. Peshine Smith. 12mo., cloth ^1.25 
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